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PREFACE 

Model making is far from a. senseless hobby — ^jnst 
the opposite; it is practical, edncating apd carries with 
it the prestige and dignity of a specialized science. Its 
scope is nnlimited and its ramifications are unnumbered. 
The giant four-cylinder compound locomotive is repro- 
duced in miniature complete in every detail from Wal- 
sehaert valve to throttle; a torpedo boat destroyer is 
modeled and provided with workable steam engines, a 
model speed boat is constructed and coiaxed into going 
30 miles per hour; a six-cylinder engine is built with a 
six-throw crankshaft turned out of a solid piece of steel. 
This cannot exactly be called model making. The ex- 
pression is inadequate and does not carry with it the 
full meaning of the work. It is really model engineer- 
ing — engineering in miniature. The construction of a 
model locomotive involves no small amount of work and 
knowledge. Its constructor must know something of 
steam engineering, he must be able to read the most ad- 
vanced blueprints to enable him to produce his model to 
scale from a drawing of its prototype. Aside from this, 
he must be a mechanic of no mean ability. He must 
possess infinite patience and resourcefulness. Of course, 
not every model maker can build a locomotive. More 
simple mechanisms are usually chosen to start with. 
This is where part of the real value of model making 
presents itself, and its educating value becomes mani- 
fest. The man who makes a miniature locomotive, a 
torpedo boat destroyer or airship, has increased his own 
knowledge to a great extent; the experience has made 
him a better mechanic. In many cases, the fundamental 
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6 Preface 

principles of operation must be 'mastered before the 
model is made. As an example: A young man decides 
to make a workable model of a gasoline engine. First, 
unless already acquainted with its principles of opera- 
tion, he must study them until he becomes sufficiently 
acquainted uith them to proceed intelligently with the 
design and construction of his machine. The engine 
must be carefully laid out and drawn accurately to scale ; 
its bore, stroke, power and cycle must all be decided 
upon. After the design is completed upon paper, the 
patterns for its castings must be turned out and then 
^ e machining starts. Precision and accuracy is essen- 
tial to a weU-working engine and the lathe must be 
mampulated ^uth sMlful fingers. The engine is finished 
and assembled. ^ 'WTiat has its builder accomplished? He 
IS perfectly satisfied to stand and watch it run on the 
wrkshop bench. That is aU he made it for, but aside 
irom tins, the love of his hobby has taught him much 
0 practical value, as can readily be understood. The 
thousands of model makers in England have been of 
great value to their country through the wonderful 
knowledge they obtained by “tinkering” with models. 

w. hours — yes, even days, 

weeks and months-on the model of a certain machine 

wv reroteT'' represents something to him 

herefore its value is not estimated in money. It is diffi- 
cult to explain just how a man regards his model His 
eyes never tire of it-he actually loves it. The writer 
has iJi i^d a man who cried like a chdd when a moLl 
upon which he had worked faithfully for a peri^ of 

repair in ianspor- 

re^lved frlTe If “ “““ l>e 

received from the express company was nothin^ to -him 
m comparison to Ms work. He ™ 

modeler possessed of some peculiar God-given instinct 
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that made him love a miniature creation of his own 
hands. 

The reader will notice an unmistakable defensive 
tone in the above paragraphs. True, it is defensive and 
intended largely to vindicate the fact that a modeler is 
not necessarily an immature youth or a man with child- 
ish notions and that model making is an engineering 
science rather than a senseless hobby. 

In England, model making or model engineering car- 
ries with it a different meaning than it does at the pres- 
ent time in America. There has been a tendency in this 
country to associate it with toy making, and no com- 
parison could be more vague or humiliating to the ardent 
followers of the work than this. It is utterly unjustified 
and the impression remains merely because the public in 
this country has not been educated to the true meaning 
and significance of the science — a category in which it 
rightfully has a place. It is hoped that this book, which 
is prepared to give impetus to model engineering in this 
country, will also serve the double purpose of creating 
a correct impression of the work its pages are devoted to. 

The best articles on model engineering that have 
appeared in Everyday Engineering Magazine during the 
past two years have been chosen for this book. It was 
the writer’s task to re-edit these articles and arrange 
them for publication, together with 29,000 words of his 
own writing relative to model engineering, part of which 
have appeared in past issues of the magazine and part 
of which is being published for the first time. Due 
acknowledgment and thanks are given to the various other 
contributors, as follows: J. F. Springer, H. H. Parker, 
George Bender, Thomas S. Curtis, Arthur J. Weed, A. 
Koster, L. F. Carter, Ian McKinzie, Ealph E. Weddell, 
Eaymond Tetens, J ames E. Carrington, J. Fawcett Eapp, 
Omer Cote, S. H. Kershaw, and E. B. Nichols. The 
writer wishes to acknowledge his especial indebtedness to 
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Mr. George Bender for his valued assistance and sugges- 
tions in connection ■with the actual preparation of the 
volume. Mr. Bender is one of the most enthusiastic and 
able model engineers in the country, and the truth of this 
statement is well substantiated by the descriptions of some 
of his models which appear in this volume, especially the 
model steam locomotive in Chapter XXVIII. 

In the second revised and enlarged edition of this book, 
we have included an illustrated description of How to 
Make a Horizontal Sundial, by James W. Bulman; A 
Model Steam Yacht, by Gilbert S. Lyon ; A 34-Inch Spread 
Monoplane Model, by H. C. Ellis; A Model Electric 
Launch, by E. V. Cole; Construction of Model Marine 
Propellers, by Paul J. Duncan; Making Model Eailroad 
. Track, by L. G. Copes, and A Model Passenger Car, by 
George Bender. 

If this book helps to create interest in model engineer- 
ing and also helps to correct the impression of a misin- 
formed public relative to the science it treats, the highest 
■wishes of those responsible for its inception will be 
realized. 


Eaymond Fkancis Yates. 
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MODEL MAKING 


CHAPTER I 

THE MODEL EHGIHEEKS^ WORKSHOP 

Notes on the general arrangement of the model engineers’ workshop and 
tool equipment — The locations of the shop, its lighting, heating, 
ventilation and power-driven machines. 

Before considering tlie tool equipment and general 
arrangement of the model engineers’ workshop, a few 
words will be said in regard to the location of the shop, 
which is of some importance. If the workshop is in the 
house it is generally necessary to either put it in the 
cellar or in the attic ; both locations have their advantages 
and their disadvantages. The attic is extremely warm in 
the summer and unbearably cold in the winter. The attic 
does possess the advantage, however, of being very dry 
and, in the average ease, quite light. Cellars are often 
quite damp and this is bad for the tool equipment, as good 
steel rusts very easily unless it is properly protected. 
The cellar, however, is delightfully cool in the summer 
and, with the furnace, it is comfortable in the winter. 
Of course, the matter of light must be considered if the 
shop is to be placed in the cellar, as artificial illumination 
must be employed and this is by no means desirable. The 
lighting problem can be partly overcome by giving the 
walls a good coating of whitewash. This reflects light 
and it is not necessary to employ such powerful lamps 
to illuminate a given space. The whitewash also makes 
the cellar more clean and wholesome. A wooden floor 
placed over the concrete is also a decided improvement 
and offers some protection to the worker. If a good. 
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substantial cabinet is made to keep tbe tools in, the 
trouble from dampness will be almost entirely obviated — 
providing the tools are not left lying around the bench. 
The lathe, drill press and other small machine equipment 
should be kept well covered when not in use and, if left 
for a considerable time, the parts that are not enameled 
should be smeared with vaseline, which can be easily 


Fig. 1 — A corner in a model engineer’s workshop 


removed and which is very effective in preventing rust 
and protecting the steel from moisture. 

Owing to the low ceiling in most cellars, it is almost 
impossible to drive the lathe and driU press or other 
machinery from a line shaft and the independentz-motor 
drive must be introduced. This is to be desired and 
recommended. Although expensive, it is more convenient 
and satisfactory. If second-hand motors are purchased 
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the expense need not be prohibitive. A well-arranged 
shop in the cellar is shown in the illustrations, and from 
these the reader will get a good idea of just what can 
be done by using a little care and forethought in making 
the plans. It will be seen that everything is systemat- 
ically arranged and that every tool has a place. 



Fig. 2 — power-driven jig-saw in a workshop 


If there is a window in the workshop, the lathe should 
be set up before it, as this offers the very best light pos- 
sible to work by. If such an arrangement is not possible, 
a shaded light will have to be dropped on a cord over 
the lathe. In this ease, it is well to arrange a small board 
in back of the machine and place all the gears, wrenches, 
attachments, etc., upon it where they will be convenient 
to reach. A small shelf can be placed at the bottom of 
the board to hold tools, reamers, drills and measuring 
instruments while the workman is using the machine. 
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If the lathe is motor-driven, the controlling SAviteh should 
be placed so that- the operator can reach it with little 
trouble, as it is oftentimes necessary to stop a lathe 
quickly, especially in screw-cutting. Further informa- 
tion on setting up a small lathe is given in Chapter II. 

The work bench is an important part of the equipment 
of a small shop and should be given careful attention. A 
large bench should be made Avhen possible, providing 
there is sufficient room, as a small bench soon becomes 
littered Avith tools when a job is being done, and this 
necessitates searching for certain tools more often than 
would otherAAuse be necessary if a larger bench were built. 
Two-inch planking should be used for the top of the 
bench. TAventy-four inches is a good -width for the bench, 
although 80 inches does not make it too wide. The sup- 
porting posts should be made of 2 x 2-inch stock and 
these members should be placed not more than 3 feet 
apart if a good, substantial bench is desired. A long 
tool rack can be placed behind the bench and this can 
be formed by a long plank nailed or bolted to the wall. 
Various tools can be arranged upon this. In many cases 
they can be held in place by means of nails and such 
things as files can be held in a special rack cut from a 
piece of wood. Both a heaA^y and a light vise should be 
attached to the bench at opposite ends, and a light should 
be placed quite close to each one, as very careful and 
accurate Avork is often done in the vise and sufficient light 
is quite necessary. The work bench can be elaborated 
upon by adding several drawers to it, as there is a multi- 
tude of things that may be kept in them. A splendid 
addition to the bench can be made by building a shelf 
over it where stock of various nature can be stored out 
of the Avay. Lumber, brass rods, steel rods, metal sheet- 
ing, etc., can be placed, on this shelf where it will be out 
of the way and yet always conveniently available. 

In one corner of the shop, a small shelf should be made 
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npon ■wMch all soldering, brazing, tempering and heat- 
ing operations in general shonld be done. This shelf 
should be well covered with asbestos board or heavy 
asbestos sheeting to render it absolutely fireproof. If 
this slielf is placed against a wooden wall, it will also 
be necessary to protect the wall in the same manner. In 
the cellar, where there is a stone wall, this procedure 



Pig. 3 — tool cabinet in a cellar workshop 


will not be necessary, althongli a small hood made from 
heavy asbestos sheeting shonld be placed over the shelf 
to prevent sparks from reaching the ceiling. A small 
bellows can be placed under the shelf, where it can be 
operated with the foot if the worker desires to use a 
slight air pressure in connection with a blow lamp or gas 
burner for brazing or silver soldering. 

IsT'OW that the general arrangement of the model mak- 
er ’s workshop has been covered, the tool equipment of 
such a shop will be considered more in detail. Anyone 
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can have a well-equipped shop if they have the money 
to invest in it, hut the average model maker finds it neces- 
sary to accumulate his tools slowly and, in many cases, 
piece by piece, until a complete outfit is obtained. The 
following is a list of tools that should form the equipment 
of the model engineer’s workshop. While many costly 
tools and machines could be added, the writer believes 



that the list is complete enough for the average fellow 
whose ambition in this respect is generally limited by his 
pocketbook : 

Small lathe (Screw-cutting if Possible) 

Drill Press 

Grinding Head (See Chapter VI) 

Hack Saw (Both Large and Small) 

Hand Drill 
Set of Drills 
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Gasolene Torch 

Two Soldering Coppers (Large and Small) 

Two Vises (Large and Small) 

Assortment of Files 

Micrometer 

Seale 

Calipers (Inside and Outside) 

Six-inch Dividers 
Chisels 

Center Punches 
Pliers 

Tinner’s Snips 

Assortment of Taps and Dies 

Tap Wrench and Die Stock 

Screw Drivers 

Machinists’ Square 

Drill Gauge 

Various Hammers 

Scriber 

Much could be added to this list in the way of wood- 
working tools, but owing to the fact that most of the 
model engineer’s work is done on metal this was not 
thought necessary. Two good saws, a draw-knife, a few 
chisels, a plane and a mitre box would compose a good 
wood-working equipment which would meet the needs of 
the average shop. Such an outfit is, of course, quite 
necessary if model power boat hulls are to be made. All 
wood turning can be done on the metal working lathe and 
the tools used can be ground to shape from old files, as 
e'kplained in a subsequent chapter. 

A very useful addition to the workshop is a small 
cabinet with at least twenty drawers, in which small 
brads, nails, tacks, screws, nuts and bolts may be kept. 
A sample of the screw, nut or whatever it may be that is 
kept in the drawer, should be fixed to the front of it so 
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that a search for the object wanted will not be necessary. 
A. small cabinet of this nature can be easily made by pro- 
curing a few tobacco tins of a certain size and building 
a small wooden rack to place them on. The tins should 
be provided with covers to keep dust and dirt out. 

In many cases the model engineer can build his work- 
shop in the back yard, and he can then design it so it 
will be well lighted, ventilated and heated. Such a shop 


Pig. 5— A small engine lathe with attachments mounted on the wall 
where they will he convenient 


shoiild have at least 225 square feet of floor space, and 
more if possible. It will be quite necessary to afford 
ample protection from moisture and dampness when the 
oor IS put m, and the builder is cautioned to consider 

Tv ^ poorly constructed floor 

will make the place very damp and the tools will suffer 
greatly. Several remedies can be applied in a ease like 
this, and probably the most practical method and the 
one requiring least trouble and expense is that of puttino- 
m a double floor with a layer of heavy tar-paper placed 
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between. Many might think that raising the shop off the 
ground on posts would be effective in preventing trouble 
with moisture, and this is quite so, but, at the same time, 
the fact that such a building has a very cold floor in the 
winter time should not be lost sight of. The sides might 
be boarded up in the winter, but in the end this procedure 



Pig. 6 — power-driven lathe mounted on a work "bench 


is far more expensive than placing a double floor in the 
building when it is put up. 

In order to have the shop well lighted, it is a good plan 
to put in a sk^Might about 6 square feet in size. In the 
winter when the shop becomes more difficult to keep at 
a comfortable temperature, the sky-light can be boarded 
up, as windows always make a building cold. However, 
all the windows possible should be used when the weather 



24 


Model Engineering 


conditions permit. Plenty of light means accuracy in 
machine work, and accuracy means good working models 
that will function as their builder intended. 

The model engineer should take a great pride in his 
workshop and everything should be kept in good condi- 
tion. After each job is iinished, the tools should be put 
away, each in its proper place, and the bench and lathe 
carefully brushed off. The importance of keeping every 
tool in its place cannot be overestimated, as every good 
mechanic well realizes. If this is done, a job can be car- 
ried on quickly and the worker will not lose patience and 
temper in looking for a certain tool which may be ob- 
scured under a lot of dirt and junk spread about the 
bench. Order should be the watchword of the model 
engineer in regard to his shop. 



CHAPTEE II 


LATHES AND LATHE WORK 

The type of lathe to purchase for model making — Setting up the lathe — 
Elementary lathe work — Wood turning — Grinding tools — Knurling — 
Metal spinning — Turning crankshafts — Screw cutting — ^Internal lathe 
— ^Attachments for a model engineer 's lathe — A small lathe made 
portable by mounting it in a cabinet. 

The lathe for model making or light experimental 
work need not be an expensive one. A complete outfit, 
comprising a practical lathe with a few tools and attach- 
ments for nearly all ordinary jobs, may be purchased for 
from $40.00 to $60.00, depending upon the equipment 
desired with it. 

Money so invested is well spent, for not only does the 
home lathe offer opportunities for developing a fasci- 
nating and edifying hobby, but it will also provide many 



Fig. 7 — A model maker’s lathe 


a chance to turn an honest penny for its owner. The 
field to-day for mechanical toys, novelties, and working 
models is tremendous and the wise home mechanic will 
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make Ms work lucrative to the extent of paying for his 
equipment and perhaps giving him a little surplus be- 
sides. And, in tMs connection, let it be said that there is 
probably no single tool in the entire shop that develops 
in its owner and user such a sense of affection as the 
lathe. 

In selecting the lathe it is well to send for the catalogs 
of the manufacturers, comparing the various features of 





Fig. 8— Using a sawing attachment on the lathe shown in Fig. 7 

practical importance as well as the prices. There are 
just a few essentials that the prospective purchaser 
should look out for, regardless of whether he wishes 
a heavy, expensive tool or a light bench lathe. One of 
these- is the hollow spindle found on every modern lathe 
of any value whatever regardless of its price. There 
must be a hole clear through the live spindle (the revolv- 
ing one) and the hole at the “business end” should be 
tapered to take a standard Ho. 1 Morse taper in the case 
of a small or moderate-sized lathe. This is important. 
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On the headstock (live spindle) end of the lathe there 
are other features to look out for. For one thing, there 
positively must be some means for taking up the inevi- 
table wear in the spindle and bearings. The only prac- 
tical method is the cone bearing, which is so simple and 
effective that no honest manufacturer should do without 
it even in a cheap lathe. In selecting a lathe, see whether 
there is a little collar at the left hand end of the live 



Fig. 9 — close-up view of the sawing attachment 

spindle that can be screwed up to tighten the spindle in 
its bearings. 

A third point to look out for is to see that there are 
regular oilcups of some description on the headstock. 
Even crude ones will be better than nothing, but the really 
well-designed tool, even though it be an inexpensive one, 
will have a cup with some sort of a cover device to pre- 
vent chips and filings from getting into the oil receptacle 
and from there to the bearing where they would cause 
trouble. 

The fourth point, is to see that there is a cone pulley 
on the lathe. At least two steps and preferably three 
should be demanded, as the only practicable method of 
changing speed, and at the same time producing the cor- 
responding change in power delivered at the work, is by 
means of the cone pulley. The one exception to this state- 
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ment is found in the case of the expensive, direct-con- 
nected, motor-driven lathes. The popular idea that a 
variable-speed electric motor can be belted direct to the 
lathe pulley and a satisfactory adjustoient of speed and 
power obtained is a fallacy, as the variations in motor 
speed produce a corresponding variation in power deliv- 
ered at the work. The proper way to belt a motor direct 
to a lathe of this kind is by means of a cone pulley on the 
motor as well as on the lathe. By this means, when 
greater power is required at the work, the small pulley 
on the motor vull revolve at high (proper) speed while 
the large pulley on the lathe will take all of the power 



Fig. 10 — Centering a steel rod 


possible from the belt ■owing to the far greater tractive 
surface presented to the belt by the large pulley. 

Other considerations are of lesser importance, but 
among them may be noted the size of the live spindle, 
which should be Us large as practicable to aftord stiffness, 
the proportions of the nose (threaded portion of spindle), 
which should have plenty of metal under the threads, and 
the size of the hole in the spindle. 

The bed of the lathe should by all means be machined 
(milled). Some very cheap lathes are turned out for 
wood turning with the beds simply cleaned up on a 
grinder, and these are an abomination. 

The tailstock (opposite the headstoek) should be ad- 
justable along the bed by means of a screw clamp readily 
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accessible, for this adjustment is made hundreds of times 
during the course of a job. The feature of a quick-fed 
tailstock spindle is a valuable one as it adapts the lathe 
for drilling. In addition to the lever feed, the tailstock 
spindle should have also a screw feed for use in turning 
to hold the dead center against the work. 

The purchase of attachments will rest with the indi- 
vidual. He will need, first of all, some tools to work with 
and also either a countershaft, foot power, or electric or 
other motor, for the drive. The countershaft is a great 
convenience even with direct electric motor drive, as it 
enables the lathe to be started and stopped almost in- 
stantly without having the momentum of the motor arma- 
ture to be overcome. A drill chuck is practically essential, 
as is also a small universal scroll chuck. The latter will 
make it possible to grip metal rods, cylinders and discs 
in the lathe without the trouble of centering and support- 
ing by means of dogs and clamps. However, as these are 
both more or less identified with rather advanced metal 
turning, they may be omitted until the worker has gained 
some experience. 

The equipment supplied with the lathe, as a rule, con- 
sists of a slotted face plate (to screw on nose), an arbor 
with a nut to take grinder wheels, saws, etc., and also 
discs of metal or wood to be turned, a tee-rest to form a 
support for hand-turning tools, and a drill chuck to take 
drills from 0 to % inch in size. This, with the addition 
of a few tools, will enable the worker to start serious 
work. 

When the lathe comes, it will be covered with a thick, 
sticky grease which protects it from rust in transit. This 
grease must be removed with a cloth moistened in kero- 
sene and the bright metal parts polished so that they are 
not sticky. Going over the lathe once a week with an 
oily cloth will keep all parts bright and shiny, as they 
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Wlien selecting the spot for the lathe, bear in mind 
just a few very important points. First is the light; 
this really should come from over the right shoulder, 
as it should fall directly upon the work at the point of 
cutting. If this cannot be arranged, the light may conui 
toward the worker, who will then have to wear a visor 
to shield his eyes. The least favorable is to havc^ the 
light come from over the left shoulder. It merely blinds 
by reflection and casts a deep shadow at the point wliere 
it is most needed. The only alternative is to place a 
sheet of white reflecting material on a movable arm kSO 
that the light is reflected upon the work. 

The nest consideration is the bench or table irpon 
which the lathe is mounted. This bench should be stiff 
and rigid to resist the tendency of the lathe to vibrato, 
especially when running at high speed with a piece of 
work of unecpral proportions (out of balance) between 
centers. If only a kitchen table is obtainable, it should 
be braced vdth crossed wires and spreaders between the 
legs and the feet really should be secured to the floor if 
possible. This latter is positively necessary if the coun- 
tershaft or driving motor is on the ceiling or wall. If the 
motor is mounted upon or underneath the table, the feet 
need not be fastened to the floor. The best and most sat- 
isfactory bench is one built into the shop. It may be 
crude, but it must be stiff and level; even though ceiling, 
floor and walls are out of true, see that the lathe bench 
and all shelves, supports, etc., carrying running ma- 
chinery of any kind, are quite level. 

Another point is to see that the lefthand end of the 
lathe is not obstructed so that rods, etc., may be passed 
through the live spindle. See also that there is enough 
room in back of the lathe to permit a circular saw to be 
used with effect. 

Set the lathe up with the largest screws that will pass 
through the holes in the feet, or, better still, use flat head 
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bolts passed through holes in the bench, with the nuts 
and washers underneath. Make sure the lathe bed is 
parallel with the line shaft, or with the countershaft. 
Arrange all tools, attachments, etc., on ledges and shelves 
within easy reach and bear in mind constantly in placing 
these shelves -that the entire bench all around the lathe 
becomes literally snowed under with chips and shavings 
when wood turning is done. It is far better to have the 
tool shelves slightly beyond reach of the shower of chips, 
as it will save many a valuable minute in cleaning up. 

To line up countershaft or line shaft pulleys with those 
on the lathe, simply tie a plumb line to the upper shaft 
and slide it along until the bob comes to a standstill 
directly beside the lathe pulley cone. If line shaft, coun- 
tershaft, and lathe have been properly mounted in paral- 
lel and perfectly level, no trouble will be had with belts 
running off. The final adjustment of the pulleys will 
make them ready for belting. 

In placing belts, put the smooth side of the belt next 
to the pulley. The rough side will not pull nearly so well, 
as its uneven surface provides a myriad of air pockets 
which pi'event traction. 

To lace the belt ends, cut the belting with a sharp 
knife against a tri-square, as the ends must be square, 
cutting the belt i/4 inch shorter than you can stretch it 
by pulling the leather over the pulleys. Then punch or 
drill three small holes in each belt end, making sure the 
holes are opposite each other. Pass a piece of soft iron 
or brass wire, of about No. 22 gauge for a 1-inch belt, 
through one hole at the edge, then through the corre- 
sponding liole in the opposite end of the belt, making sure 
the belt is in position. Draw up the wire and pass one 
end through the next hole, crossing over on the rough 
or outside of the belt. Pass through the opposite hole 
and over to the third pair, crossing again on the rough 
side. DraV up tight and pass through once more to give 
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a double thick lace on the side next the pulley. Cross 
back to the center pair of holes and pass under again. 
Then cross to the first pair of holes, pass under and up 
through and two ends of wire will be had to link together 
on the rough or outside surface of the belt. The smooth 
side, next the pulley, will have no cross-over laces to wear 
through after a short amount of use. 

The amateur will first perform the operation known 
as “scraping” by the skilled worker, who looks askance 
upon this form of Avood turning. It is, liowever, safe 
and easy in the hands of the unskilled, although it is 
infinitely slower, less efficient, and productive of poorer 



results than the true wood turner’s cut, AAdiich is more of 
a chisel or knife-edge cut. The latter is somewliat dan- 
gerous in the hands of the novice, as the tool is almost 
sure to “bite” or grab into the Avood if it is not held 
properly. 

For such tools, the use of old flat files, ground prac- 
tically square on the ends, is recommended. Such a tool, 
when brought up to a piece of wood in the lathe, and 
supported upon the tee rest, which should be just as close 
to the work as possible, will scrape off stock at an aston- 
ishing rate. For roughing off the surplus stock, a tur- 
ner’s gouge is used, as a rule. This tool may be used with 
comparative safety by the novice if he is careful to take 
light cuts and -to grip the tool firmly, using his forearm to 
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hold down the long handle. The finishing cuts are taken 
with what is known as a skew chisel (the cutting edge is 
askew) but the use of this tool is not recommended unless 
the worker can get some instruction in its use. It will 
bite fiercely if not used properly, and if it does nothing 
worse it may spoil a piece of nearly finished work. 

For metal work, the slide rest is practically an essen- 
tial. Some metal turning may be done with the tool 
made from a fiat file held on the tee rest, but for fairly 
good work the slide rest is necessary. This is particu- 
larly the ease when a long shoulder is to be turned, for 




Fig. 12 — Two examples of improper centering 


instance. For curved profiles, the hand tool is quite sat- 
isfactory, however. 

The metal turning tools that go into the tool post 
on the slide rest are usually of % x carbon stedl 

for a small lathe. There is a little curved rocker piece 
that goes beneath the tool in the tool post to alter the 
height of the cutting edge of the -tool. This cutting edge 
should ordinarily be exactly on a line with the center 
of the work. There are modifications of this rule, par- 
ticularly in the case of work of large diameter, but in 
facing or shouldering small rods, for instance, the tool 
should be set to the center. 

There are just a few cardinal principles to be mas- 
tered by the worker in metals that are essential even tO' 
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the most mediocre work. These points will be consid- 
ered. The first thing to learn is what is meant by rake 
and clearance. These two terms mean volumes in the 
use of metal working tools. 

The rake of a tool is the angle of the top or* entting 
surface to the work being cut. If the surface of the tool 
slopes toward the work, or downward in the directirni of 
the work, the rake is negative; if it slopes aioay f rom tin; 
work, the rake is positive. To keep these in mind, reimnu- 
ber that the positive rake is the one that makes a harh or 
hook of the tool to catch underneath the chip and pull it 
away. The negative rake scrapes the surface away in- 
stead of catching underneath and tearing it or pulling it. 



Fig. 13— Lathe centers should he kept as shown at the left. Accurate 
work cannot he done witii a tool such as that shown at the right 


is'ow there is something in the nature of metals whi(di 
we do not fully understand but which experience has 
taught us makes it necessary for us to use one kind of 
rake with certain metals and the opposite with others. 
For instance, brass invariably demands a negative rake. 
If one attempts the slightest operation upon brass with 
a tool having a positive rake, the tool is almost sure to 
bite into the work, spoiling it and perhaps break the tool. 
Be sure to have the top surface of the tool ground so that 
It slopes dovmward toward the work when cutting brass, 
bteel, on the other hand, demands a decided positive 


It is not necessary to regrind the entire cutting sur- 
faee of the tool when changing from one to the other. 
It the tool has normally a positive rake for steel, one 
needs merely to take the tip of this rake off so that just 
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the cutting edge has a negative rake when brass is to 
be cut. 

In turning from a casting,- take a cut sufficiently deep 
the first time to get quite beneath the scale or hard crust 
on the easting. Be sure this crust is cut right through, 
as, if it scrapes the tool at all, the cutting power of the 
latter will be destroyed and it must be regroimd. 



Pacing End Positive Negative 

of Sha-ft Rake -Steel Rake- Brass 


Fig. 14r— A. Using a left-hand side tool. B. Using a right-hand side tooL 
C. A right-hand hent tool. D. A right-hand diamond point tool. E. 
Left-hand diamond point tool. F. A round nose tool. G. A cutting- 
of£ or parting tool. H. Bent threading tool. I. Roughing tool. J. 
Boring tool. K. Facing the end of a shaft with a right-hand facing 
tool. L. A tool ground with a positive rake for cutting steel. M. A 
tool ground with a negative rake for cutting brass. 
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The clearance of a tool is the separation or, as its 
name implies, the clearance between the body or support- 
ing portion of the tool and the work being cut. The illus- 
tration showing the various angles for cutting tools illus- 
trates this clearly. All tools must have clearance to 
j)revent the unused portion of the tool from scraping the 



Fig. 16 — Thread cutting on a small lathe with a die and stock 


work and preventing the cutting edge from doing its 
■duty. 

The larger lathe shovui in Fig. 17 is very suit- 
able for general amateur work and model making, al- 
though it is much more expensive and requires greatcir 
power to drive it. Unlike a small lathe, this machine 
is capable of doing many special jobs that could not be 
done successfully on a smaller machine. The smaller 
the number of machines in a shop, the more desirable it 
is to know how to use the lathe for work not ordinarily 
done on it. A drill press is the proper machine tool to 
employ m boring holes. But, if we have no drill press, 
perhaps we may be glad enough to rig up the lathe for 
the work, even though it will not do the job quite so 
economically. 

The lathe may be used for putting on a checked edge 
or milled edge or the like on the heads of thumb screws, 
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thumb nuts and similar articles. Knurling may be done 
on brass or steel work by using the proper tools and 
speed. For what may be called hand knurling, we use 
the small steps on the cone pulley, if the lathe is driven 
by one; or, if electrically driven, we employ whatever 
means we may have to get speed. Brass may be knurled 
properly with a surface speed in the neighborhood of 
300 feet per minute; steel, at 200 feet. These are high 
speeds and may not be obtainable without making special 
arrangements. If not obtainable at all, then we may use 
the best speed possible. The speeds mentioned refer 
to the rate at which the rotating edge passes a given 
fixed point. A l-inch brass screw head would have to 
turn round 1,145 times in a minute in order to have a 
peripheral speed of 300 feet per minute. For a steel 



Fig. 16 — Turning down a small steel rod 


screw head of the same size, the 200 feet per minute would 
demand 763 turns in a minute of time. Where the tool 
is mechanically controlled, we may reduce these speeds 
to very ordinary ones; say, 60 feet per minute for brass,, 
and 40 feet for steel. 

A special knurling tool is used, which the operator 
may buy or make for himself. The type used in hand 
knurling consists of a knurling wheel mounted in a metal 
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holder at one of its ends. At the other end of the inetr 
holder, a ■n’'ooden handle may be arranged for the coni 
venience of the operator. The knurling tool used ii 
machine knurling may consist of two knurling wdieeh 
mounted in a small bracket, which in turn is pivoted oi 
a Jiolder adapted to be held in the tool post. 

With hand knurling it will be advantageous, not to 
say necessary, to have a rest mounted in front of the 



vv ore. 


the rest, whs™ itls ^ “ 

are managed so as to brino- the knnrl ■ 

Whh ''T the W.' 

post, seCg it L^aTtfhlVThTV^'r''''^ “ 


Lathes and Lathe Work 


39 


we control the tool by hand or by means of the tool post. 
In using the two-wheeled tool we manage so that both 
wheels shall press equally against the work at all points. 

In beginning, whether with the hand controlled tool 
or not, we oil the work and the knurling wheel or wheels. 
In machine knurling, with the pair of wheels, there is 
more or less danger of spoiling the work by maTriTio; dif. 
ferent indentations with the two wheels. To govern this 
matter, things may be tested before putting on power. 
We press the tool by hand up against the work, n sin g 



Fig. 18 — ^Knurling with a hand tool 


considerable force, and work the lathe belt by hand. 
When we have started the knurling all round and are 
sure everything is right, we may go ahead and use power 
drive. 

A crankshaft will have one or more cranks. Some- 
times these are set differently on the shaft. The turning 
of the wrist pins is a particular job, requiring exact and 
painstaking attention. The difficulty is, however, not so 
much in the actual cutting operation as in the preliminary 
work of getting the crankshaft properly on the lathe. 
Naturally, it is held by the centers in the head and tail 
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stocks. The line connecting the points of those centers 
must be in line with the axis of the wrist pin and both 
must be exactly parallel with the axis of the shaft its(df. 
IVhen we go to put the work on the lathe centers w(^ will 
probably find that not only have we no center hoh^s for 
the centers but no places to put such holes, dhiis diffi- 
eulty may be overcome by putting temporary arms on 
the ends of the crankshaft and boring center hob's in 



Fig. la-Knurling with a machine tool. Examples of 
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placed at tlie angle of the elbow. The center holes for 
nse in machining the wrist pins are bored in the outer 
ends of the arms. If we have only single arms to deal 
with, then the location of the center holes will not be so 
difficult a Job as otherwise. We first ascertain the exact 
length of the throw of the crank. This is the distance 
apart of the axes of the wrist pin and the shaft. If the 
two flat faces of the arm are planned parallel, we will 
be in good position to locate the central points of the 
two holes, one for the shaft and the other for the center 
hole. The problem now is to find if everything is all 
right. If the set screws are arranged precisely the same 



Fig. 20 — How a small crankshaft is mounted "between lathe centers 


in both arms and are, in fact, set in line with a plane 
through the axes of the two holes in the arm, then the 
tightening up of these screws should put the two center 
holes at exactly equal distances from the axis of the 
shaft. Tighten up moderately and cheek with a surface 
gauge. The work may be rotated by operating the lathe 
by pulling on the belt by hand. Note at the same time 
whether there is going to be stock all around for the 
wrist pin. The testing of this matter may be done by 
putting a sharp-pointed tool into the tool post and bring- 
ing it up near the wrist pin. As the lathe is slowly 
worked to rotate the crankshaft, we can note the space 
between tool and wrist pin. 

The lathe may be used for spinning, provided two 
conditions may be satisfactorily met. One of these is 
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substantial construction; and the other f Fi- 

ning requires the speed in the spindle of the lathe itsclL 
rangmg from 1,800 to 2,500 B.P.M. Whatever arrange- 
ments are made to get the speed, they s ou le su ^ 
stantial, as it is necessary to rotate the spindle, the work, 
and accessories used to secure the work to the spindle, 



as a face-plate, etc,, and in addition overcome the resist- 
ance to the spinning operation. With a countershaft 
connected up so as to run at 450 to 600 R.P.M., we have 
only to effect a drive of the spindle by pulleys in the 
ratio of 4 : 1 to get from 1,800 to 2,400 R.P.M., no account 
being taken of the slippage of the belt. 

There are three or four differences in the lathe as 
used for metal spinning from the lathe as used for ordi- 
nary metal turning. These differences affect the head- 
stock, face-plate, the tool rest and the tail center. The 
“dog” is not employed. The ordinary center-screw, face- 
plate or outside screw face-plate used in wood turning 
is screwed onto the headstock spindle. A block of hard 
wood, e.g., hard maple, is screwed onto the face-plate and 
then turned to the form corresponding to the shape that 
is to he assumed by the work at its first stage. The tail 
center is used to hold against it the circular disc of sheet 
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metal which constitutes the blank for the spinning. Fric- 
tion is depended upon to hold the disc in place, until 
actual spinning begins. The rest is not a difficult thing 
to make. The tail center may be purchased and the tools 
used are not especially hard to make. The metals in 
common use for spinning are copper, white metal, brass, 
zinc, and aluminum. A great range of articles can be 
made. Many articles that can be made by stamping can 
also be made by spinning. Some articles can probably be 
made better by spinning them. The tool is used as a 
lever, one end being pressed against the work and the 
hand supplying the power at the other. A movable pin 
set up on the rest provides the fulcrum of the lever. 
The direction of motion of the lever varies from a vertical 




Fig. 22 — How a piece of metal is spun over the form 

plane at the beginning of operations to a horizontal plane 
at the completion of the spinning process. As the metal 
is gradually pressed over the form, the pin is moved 
toward the headstock of the lathe by changing it from 
one hole to another. The ordinary speed lathe, if of 
rather robust construction, is more suitable for this work 
than the engine lathe. It is a question of the speed of 
the spindle. If that can be obtained with the ordinary 
substantial engine lathe, then the problem is solved. 

Internal work on the metal working lathe is largely 
done by means of the boring bar. By mounting the bar 
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on the lathe centers and providing for its rotatian b; 
one or more dogs, we have a considerable part oi ou 
preparatory rigging. The tool or tools are held by tlr 
bar, a slot cnt through the latter providing a means Kr 
holding the shank of the cutting tool. The tool is rotatml 
but is not, in the method set forth, fed to the work mtlmi 
parallel with the axis of the lathe or perpendiculai- to it 
These two movemeiits constitute, in external woik, t u 
feeding of the tool. In the present style of intei mil 
the tool has only one motion and that is rotatory, ihc 



rig. 23 How a Isoring bar is employed to bore out a steam engine 

cylinder 


longitudinal and transverse feed is accomplished by car- 
rying the work along the lathe axis and shifting it trans- 
versely. The work is secured, very firmly, to the carriage 
or rather to the lower portion of the compound rest. The 
longitudinal movement of the work back and forth can 
be provided for by putting the carriage into mesh with 
the lead screw. The transverse movement of the work is 
secured by operating the bottom part of the rest back 
and forth squarely across the carriage. The tool in the 
bar may be held in place by one or more wedges in the 
slot. A great deal of work may be done by this rig. 

As this type of boring bar is quite suitable for boring 
out cylinders for gasolene engines and the like, a few 
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more remarks may be justified. To test whether, at the 
beginning, the bar and the work are central, we may 
replace the cutting tool in the bar by a piece of wire. 
We run the carriage back and forth and rotate the bar, 
all by hand, and thus see whether work and bar agree. 
In case of disagreement, it ought not to be the bar that 
is at fault, since it is set between the lathe centers. But 
the work may not be set properly on the carriage. In 



Fig. 24 — ^How a thread-cutting tool should he mounted 


making the finishing cut, we should use an almost micro- 
scopic feed in order not to spring the bar. Further, the 
final cut should be taken at one operation without stop- 
ping. One reason for this is that stopping means cooling 
off, and cooling off means shrinkage of tool and expan- 
sion of the hole being cut. 

Probably the most important use of the lathe is that 
of screw cutting. There are several kinds of screw 
threads in use. In America, the 60-degree V-thread and 
the United States Standard or Sellers thread are em- 
ployed, and in England the Whitworth. Besides these 
are what may be called the square thread and the Briggs 
pipe thread. In all, the type is defined by specifying 
details relative to an axial section. The 60-degree V- 
thread is one whose axial section is a triangle, the angles 
of which are all 60 degrees. The U. S. section is similar, 
only the tops of threads and bottoms of grooves are flat- 
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tened. The "Whitworth thread is based on an isosceles 
triangle with the vertical angle equal to 55 degrees. The 
tops and bottoms of the grooves are rounded. The Briggs 
thread increases or decreases in diameter in passing from 
thread to thread. The thread is otherwise something 
similar to the "RTiitworth, only the triangle is equiangular 
and the roundings are on a much smaller radius of 
curvature. 

The cutting edges of the cutting tool which may be 
used to form any of the usual non-tapered threads is 
properly shaped to the exact form and size of the axial 




Pig. 25A — Setting the tool for internal thread cutting 

Fig. 25B — The thread-cutting tool should be set at the exact center of 

the work 


section desired at the finish. That is, the flat horizontal 
top surface of the nose of the tool should have the re- 
quired form and size. The nose should also be so shaped 
that as the top is ground down from time to time for the 
purpose of sharpening the tool, the form and size of the 
thread section will be maintained. This shaping of the 
nose may be very accurately done at the beginning, before 
the tool goes into action. A gauge may be made of a 
piece of thin sheet steel by cutting a notch of the precise 
size and form of the thread wanted. "When grinding the 
nose of the tool on the front and on the sides, this gauge 
may be used to test the work from time to time. The 
top surface of the nose is properly made flat and parallel 



Lathes and Lathe Work 


47 


to the top and bottom surfaces of the shank. The object 
in view is to present to the work a cutting edge that is 
horizontal. If the parallelism is not provided, then we 
may expect the tool to cnt a groove too narrow or too 
wide. If exact results are wanted, too much care can 
hardly be given to the grinding of the nose. Once ground 
to size and form, the regrinding should be comparatively 
simple, as all it is necessary to do is to maintain flatness 


B. 



Pig. 26 — The arrangement of the gear wheels at the end of a screw- 
cutting lathe 

and parallelism with the shank. The size and form of the 
section will then be right. 

When the tool is set, it is very important that it be 
horizontal and that the top surface of the nose be at the 
exact level of the axis of the work. If this requirement 
is disregarded, then we may expect the thread to be 
wrong. Thus, if the top of the thread is to have a 60- 
degree angle and we set the tool too high or too low, 
then we will not get 60 degrees but something different. 
If the question is asked, ‘‘How is one to make sure he has 
the cutting edge at the exact level of the axis?” the fol- 
lowing answer may be made : Put the centers in the head- 
stock and tail-stock of the lathe. Then bring the tool up 
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close to each and note -wlietlier it is in ;ii>-i-(‘(‘in(‘tit with 
the level of the points of the centers. Tlu'i-e is still an- 
other requirement. The axis of tlu^ cuttin.a; :ui(l tln^ 
axis of the shank should be exactly parallel. W hen the 
tool is set, these axes must bo perjHUulicuhir to lh(i axis 
of the work. 

In order to cut the winding groove on tin* woiic, it, is 
necessary that the tool shall move along pai'allel to tin* 
axis of the work while tlie latlxvr is rota.ting. In I'aef, 
there must be a very exact c()rresj)oii(lene(‘ l)i‘t\\e<‘n the 



Pig. 27 — ^How a thread-cutting tool should ho ({round 

forward or backward shift of thl^ tool and tlit‘ rotntion 
of the work. This shifting of tla^ tool is ordinarily se 
cured by means of the lead scrciw of tin* lat lux We put 
the carriage which supports the tool and tool post into 
the control of the lead screw. Wlnni the lead screw t urns 
around once, the carriage and tool will Ixi shiftmi (*xacily 
the amount of the pitch of tlui lead scn>w. d’hai is to say, 
for example, if the lead screw has (> thta^nds to t he inch, 
then the pitch will be exactly % inch. Suppos<', now, that 
when the work turns around once, the h>nd sctanv also 
turns around once. Then, W'o should havii tin' too! ad- 
vancing or receding % inch with evtn-y turn of the wttrk. 
In fact, we should cut a thread of (uxactly tln^ same. pit<*h 
as that of the lead screw. But, if tins work rotates faster 
than the lead screw, the tool will be shifted too slowly to 
cut a thread of the same pitch. We should get a thread 
of a somewhat different pitch. Similarly, if tin' work 
rotates more slowly than the lead scrc'W*, tin? tool will 
shift too rapidly to cut a thread of 6 convolutions to tin* 
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inch. We will get a coarser pitch, which means a smaller 
number of threads to the inch. It is possible to regulate 
the rotation of the lead screw relatively to the spindle 
of the lathe and get just about any pitch on the work 
that we desire. If we want 12 threads to the inch, then 
we must make the lead screw turn half as fast as the 
work or spindle. If we want 3 threads to the inch, then 
we must adjust the lead screw to rotate twice as rapidly 
as the work. 

The lead screw is usually driven by the spindle 
through gear wheels. It is not especially difficult to learn 



Fig. 28 — ^Testing threads with a small pocket gauge 

how the gears control the pitch of the screw thread we 
cut, and what gears to use in order to get a certain pitch 
that may be desired. Let A, Fig. 26, be a gear wheel on 
the spindle; C one on the lead screw; and B, an inter- 
mediate gear. First, consider B. It serves to keep the 
direction of rotation alike between spindle and lead 
screw. If the spindle gear A rotates with the hands of a 
clock, then the lead screw gear C will also rotate with 
the hands; and vice versa. Second, the number of teeth 
on B plays no part in the relative speeds of A and C. 
For example, suppose A and C have, respectively, 32 
and 28 teeth, then a complete rotation of A will produce 
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1^/7 rotations of C. It -will make no difference vlietlier 
B lias 10 or 40 teeth. Consequently, any liguring wo have 
to do will not need to take the intermediate g'car into 
consideration. It simply serves to keep the rotation di- 
rections of A and C the same. 

XoAv suppose we want to cut 10 threads to the inch 
and that our lead screw has 6 threads to the incli. What 
must be done is to select proper gears for spindle and 
lead screw to give 10 turns of the spindle while we get 
6 turns of the lead screw. The gear A will be the smaller 
one. Further, the two gears must have the numbers of 
their teeth such that these numbers will be in the ratio 
6 : 10. If one has 18 teeth and the other 30, that will 
cover the ease. Or, one could have 24 and the other 40. 
In fact, it doesn’t matter what the numbers themselves 
are, just so that we have the right ratio, 6 : 10. Then 
we put the smaller one on the spindle and the larg{U’ oiua 
on the lead screw. It may be helpful to recollect that 
the more slowly the lead screw turns, the finer the thrt^ad 
wiU be. 


Take^ another ease. Suppose we want to cut a coarse 
thread 5 turns to the inch. This is coarser than the 
thread on the lead screw itself. Consequently, we want 
the lead screw to turn more rapidly than the spindle or 
le woiL This means that the smaller gear imast go on 
the lead screw. All that remains to do is to select gears 
for lead screw and spindle that are in the ratio 5 : 6, put 
t e bigger one on the spindle and the smaller one .on the 
lead screw; and select an intermediate gear to make it 

1 ® Slaving 10 

a5 si;ab?e ’ 

mediate gear, or some equivalent, will be needed when 

h ^ However a ri«-ht 

iaad lead screw a.d no intermediate gear, Tr ’else 
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of them, will cut a left hand thread. A right hand thread 
is cut by advancing from right to left, and a left hand 
thread by advancing in the opposite direction. 

The work may be held on the lathe between centers 
or it may be held by a chuck. In general, work carried 
between centers may be cut more accurately than if the 
chuck carries it. This is due largely or entirely to the 
double support. It is a good rule when working with a 
chuck on the head-stock never to take the work out be- 
tween the beginning and end of all turning operations. 
This would apply to cutting screw threads. In fact, it 
would probably be quite difficult, if not impossible, to 
cut a reasonably perfect thread, if the work is disturbed 
when half done. 

Before cutting a thread between centers, it is ad- 
visable to make sure that the centers themselves are 
right. The point of a center should be exactly on the 
axis of the center. The levels of the tw5 centers must 
be exactly alike. To test this, the screw cutting tool may 
be set in the tool post and the carriage run to one center 
and then to the other for the purpose of setting the tool 
for height at one and of testing the other center for 
agreement with this level. It may not he out of place 
here to say a few words about centers. The work turns 
about the tailstock center. It is advisable, then, to pre- 
pare the hole in the work at the tail-stock and so that the 
point of the center and the metal of the work will not 
be in actual contact. This may be done by first prepar- 
ing a conical hole to fit the center and then counter- 
boring it at the bottom with a small drill. This drill 
hole, if deep enough, tends to prevent damage to the 
center point either by wear or by friction. It is well to 
counterbore the other end of the work also. Fig. 11 will 
make this very clear. 

If an interior thread is to he cut, we will naturally 
have to use a tool somewhat different from the plain 
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straight tool for cutting exterior threads. A suitable 
tool for a considerable range of work is one with a right- 
angle bend in it near the nose end. We are then able 
to move the tool back and forth in the hole. Aside from 
the bend, the tool may be precisely the same as the one 
already described. It is very essential that the flat top 
of the nose shall be set at the exact level of the axis of 
the work and that the axis of the flat top be exactly at 
right angles with the axis of the shank. This latter re- 
quirement is the one, perhaps, that will make the most 
difficulty. It will be well to have a substantial shank so 
that the stress of cutting will be well resisted. This re- 
sistance may be increased, also, by shortening the dis- 
tance from the bend to the point where the tool holder 
grasps the shank. 

I\liether we cut an interior -or an exterior thread, 
the tool will naturally wear. This wear should be con- 
fined to the edge of the top. To sharpen the tool and 
perhaps better its shape, it is reground on the top sur- 
face of the nose. The final surface should be exactly 
j^rallel with the top and bottom surfaces of the shank, 
hiaturally, a reground tool will not have its cutting edge 
at the proper level, but below it, unless we take special 
measures for correcting the level. This we may often 

o by simply putting a strip of thin sheet metal beneath 
the shank in the tool holder. 


A little consideration will perhaps convince the read- 
er that when we screw one thread into another, it is 
not so important that the top of one thread shall touch 

body of one thread 
shall fit snugly mto the groove of the other. In fact, we 

^y have the case where the top of neither thread 
reaches quite to the bottom of the other and still not 

tid i J ^dge of a screw 

thread IS somewhat worn, we may not be able to tell its 

real diameter by measuring the .over-aU diameter. It 
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will, sometimes at least, be best to rely on what is called 
the pitch diameter. This is the average between the 
diameter measured from top to top of the thread and 
the diameter from bottom to bottom of the groove. It is 
really the distance from half way between top and bot- 
tom on one side to half way between top and bottom on 
the other. This is a matter of some importance for the 
reason that it may be necessary sometimes to take off 
the top edges of 60-degree V-threads to prevent trouble 
when screwing into each other. Indeed it is good prac- 
tice both with the sharp V-thread and the U. S. Standard 
to cut off a trifle at the top of the thread, provided the 
thread is not to be case hardened. There is the advan- 
tage that a close fit can then probably be better made 
than otherwise. The reason for thinking so is this: 
Very slight differences between the two threads will then 
have an opportunity for rectification, the metal having a 
chance to flow into the open space. That is, the two 
threads can force each other a trifle. 

Where a good deal of work of one size has to be done, 
it may be well to use taps and dies. There are taps for 
use on a power-driven machine and taps for hand use. 
Similarly, wdth dies. In general, accurate thread cutting 
should not be attempted wdth hand-operated tools. It is, 
for one thing, too difficult to be sure that the axis of the 
tool and the axis of the work are exactly in line during 
the operation. 

We now come to the question — ^How are we to deter- 
mine whether our threads are right or not? We may try 
one with the other. But this is by no means reliable. 
Two threads that properly fit together bear against each 
other throughout. Thus a nut and a bolt when the one 
is screwed onto the other should so fit round and round 
the thread that a strain tending to pull the nut off would 
be resisted by all the convolutions in engagement and 
not by one or two only. It is possible, however, for one 
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to fit a nut and screw together without being able to tell 
whether there is bearing of thread against thread 
throughout. If the thread in the nut has a pitch a trifle 
longer than that on the screw, the nut might seem to 
have a proper fit when tried merely by screwing it on, 



because of the contact of threads at the two ends. We 
could, if the screw thread goes further inward, test the 
matter of unequal pitch by trying to screw the nut in 
urther. If tie resistance is strong — stronger than when 
we were snnply putting the nut on— then we probably 
nave a ease of inequality in pitch. 

•p is a very simple instrument by means 

of which we can determine whether the pitch of the screw 
agrees with the standard required or not. This is a 

somewhat like those of a saw have been cut. These are 

screw grooves desired on the 

When held so as to fit mto the valleys on top of 
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a horizontally held screw, a very minute error in pitch 
can be readily detected, especially if the light is back of 
the device. The use of this tool is shown in Fig. 28. It 
is understood that a good gauge of this type will enable 
a beginner to detect a pitch error of only 0.005 inch. 
These gauges are not to be confused with the ordmary 
pitch-gauge used simply to tell whether the screw has 
12 or 13 threads to the inch or the like. Precision pitch 
gauges are tested to a high degree of accuracy — one con- 
cern, at least, claiming an accuracy of 0.0001 inch. They 
are not so applicable to interior threads. But the gauge 
may be applied to the tap, if one has been used to make 
the interior thread. If the thread has been cut on the 
lathe, then we may have to depend a good deal upon the 



fact that we used the same combination of gears for 
screw and hole. 

Many amateur mechanics have small lathes in their 
workshops which are very limited in their application, 
owing to the fact that they are not provided with many 
of the attachments that are found on larger machines. 
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The following paragraphs describe a few useful appli 
ances that may be easily made and attaclied to tlu^ origi 
mal small lathe and will increase its usefuln<\ss consid 
■erably. 

The drawing, Fig. 29, shows a face plate which it 
made up from cast iron. The slots are cut ai;ul the e(^ut(u 
hole is left smaller than the diameter of thci nosi', of the 
spindle so it can be bored out later and threaded. Quar- 
ter-inch holes are then drilled and tappiul as shown in 
the sketch. It will be necessary to locate th(^S(‘ holes 
systematically about the surface of the plat(‘. and tin* 
more holes it contains the easier it will be to chuup odd 
shaped work to it, as in boring, etc. The center liohi of 
the face plate must be drilled and threaded to fit tlui 
lathe spindle and this will, of course, depend upon the 
size of the spindle on the lathe the plate is to be attaelw'd 
to. The mechanic who- has a very small lathe will 
find it quite impossible to do turning on the faiie plate 
wfith his own machine and will therefore find it neces- 
sary to take the work to a local shop which is (^(luijijied 
-with a screw-cutting lathe. While the face plate is 
fastened on the same lathe on which it is being threaih'd, 
the back hub must be faced off so it will run true with 
the thread. It is best to turn the face plate off wlnm 
it is in position on the small lathe on which it is to b(‘ 
used to make sure that it is running true. After the 
Tough turning is done, the face plate can be polished up 
and finished. 

Another useful attachment is the back rest, shown in 
Fig. 30, and this is of very simple design. The standard 
is made of cast iron and the bottom, which fits in the 
bed, can be either filed or milled. While it would be V(! ry 
practical to have the job done on a rniliing machine, if 
the mechanic does not have access to such a machine lu^ 
■can file the easting if a little patience and care is exer- 
cised. The jaws of the back rest are made of raaehin(u-v 
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steel and the slots can be cut in them by drilling holes 
down the center. The superfluous metal can be filed out 
to finish the slots. After this casting is finished, it is 
advisable to have it case-hardened so it wiU. resist wear. 
When it is fastened to the bed of the lathe, the bolts on 
the tee rest can be used. One side of the head is cut 
away and this keeps it from turning. A regular nut is 
used for tightening it on the bottom. The screws for the 
slots of the jaws are provided with a hexagonal head 



Fig. 31 — An easily made drill pad for a model maker *s lathe 


which permits the use of a wrench to tighten them. The 
heads of the screws should also have a slot in them 
so that a screw driver can be used for preliminary 
tightening. 

A small drill pad is illustrated which can be easily 
made for the tail stock of the lathe and which will enable 
the mechanic to do drilling operations on his machine. 
The pad proper is made of cast iron and the workman 
can easily make up a pattern of this and have it cast at 
a local foundry, as the pattern can be turned out with 
very little trouble on a small lathe. The casting is pro- 
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vided -tritli a No. 0 Morse Taper. After the shank is 
fastened to the pad it is again put between centers and 
the front of the pad is faced off and finished. This wili 
insure an accurate hole when the pad is being nsed. 
Mlien the pad is completely finished, it may be well to 
enamel the back of it, as this surface is not used. 



Fig. 32~Grindiiig disc made to attacli to a small lathe spindle 


The small plunger muU be found very useful in pre- 
venting hght pieces from turning when they are being' 
drilled. In case some large plate surface is being drilled, 
the spring on the plunger vdll allow it to come back and 
permit the work to lie flat on the pad. Care should be 
taken to see that the work used against the plunger is 
not too heavy, as this would force the spindle considera- 
bly, as the only thing that would keep it from turning is 
a small screw. 

A very convenient tool is shown in Fig. 33. This is 
a lead hammer which is very useful in knocking work in 
and out of the arbors. The nose of the hammer is very 
soft and yet sufficiently heavy to give it the proper mo- 
mentum. The handle of the device can be used as a ram 
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in the head stock spindle to drive out the various attach- 
ments that fit in this member. 

In constructing the tools outlined in the above para- 
graphs, the mechanic should experience no trouble in 
obtaining the castings, as the patterns can be easily pro- 
duced in the workshop. The fhce-plate and drill pad 
can be turned out on the lathe, and the back rest will 
have to be built up. 

The small grinding disc shown in Fig. 32 can be very 
easily made and is an extremely useful tool when at- 
tached to the spindle of the small lathe, as many grind- 
ing and surfacing operations can then be performed 
which would otherwise be impossible. The disc is cast 
by means of the same pattern that was used in the pro- 



duction of the face plate, previously described. No holes 
are drilled in the plate, however, as its surface must be 
machined and finished smooth. The hub is threaded to 
fit the spindle of the lathe and a hexagonal nut is also 
made to fit the spindle. 

Af ter the plate is made, it should be mounted on the 
spindle and, with the lathe running at high speed, it 
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should be given a good polishing with fine emery cloth. 
The abrasive paper or cloth is held to its surface by 
means of beeswax. 



Tig. 34 General arrangement of the lathe and motor -within tlie cahinot 

_ In doing this, the grinding disc is set in motion at a 
high speed and the beeswax is pressed to the surface. 
The heat of friction will cause the beeswax to melt and a 
thin film of it vnU be deposited upon the polished sur- 
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Kg. 35— Side view of the lathe cabinet 
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face of the disc. After this him is d('i)osit(Hl, a disc*, of 
abrasive paper is then held tightly against tlu' surface 
while it is revolving. 

For the model (uigimn'r who livc's in a small flat, with 
little available space for a workshop, tlu' outlit d(‘S(‘rihed 
in the following paragraphs will Ix' of great inttna'sf. It 



Pig. 36— Showing the front of the cahinot 

is a description of a portable latln* cjihintd, that may he 
ke.pt in th(^ living room when not in use, and when put 
on the kitchen tahh% opcmoil and (‘onn(‘ct(*<l to the ehuitric 
light Hock(!t, forms a compleh' nndor-driven latln* e<iuip- 
inent capable of wood turning, metal luruing, jmlishing, 
grinding, drilling, and tiuim'rous other lathe operations. 
The (‘.apac.ity of tin? lathe is small and the work that may 
b(5 don(( on it is somewhat limited, though sufficient for 
model making. 

The cabitiet is made of cedar, % inch thick, the boards 
having hmn scauired by fearing apart an old cedar chest 
that had been discarded. This made it possible to pro- 
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vide an exterior shellac finish that presents a good a 
pearanee when the cabiaet is closed. Iron strap Irmg 
L nsed for hinging the end, top, and front pieae 
Brass handles are provided at the ends to facilita 
handling it, and incidentally, they add to the genei. 



Fig* 37— Tlie lathe cabinet open, ready for work 

appearance. Brass dowel pins are nsed to hold the ends 
of the cabinet in perfect alignment with the top when ii 
is closed. These are not shown on the drawing. Iror 
brackets are nsed to stiffen the back. It will be found 
desirable to provide fonr small rnbber feet to prevent 
marring the table npon which it is placed when in use. 

The lathe nsed is a “Q-oodell Pratt,” No. 29. It has 
a swing of 5 inches and the extreme distance between 
centers is 3% inches. The appliances nsed with it are 
as follows : 

Face plate. Saw arbor. 

Drill chuck. Grinding wheel. 

Three-jaw seroU chuck. Buffing wheel. 

The cone pnUey has two steps for a %-inch flat belt. 
The speeds of the lathe spiadle range from 1,800 to 2,700 
II.P.M. The motor is a small one of the universal type. 
This makes possible the use of alternating or direct cur- 
rent at 110 volts and develops Hoth H.P. 
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The maximum speed of the motor is approximately 
1,200 E.P.M. When first placed in the cabinet, the high 
speed at which it operates caused it to be noisy and it 
was found necessary to mount it on rubber to reduce 
this noise. 



Fig. 38 — The cabinet closed and locked 


The countershaft is % inches in diameter and has 
ball-hearings mounted in wood pedestals. The ball-bear- 
ings are of a standard type and fit into counter-bored 
holes in the pedestals. The hubs of the pulleys on the 



Pig. 39 — ^View of the open cabinet from the end 


shaft fit against the ball-bearings, thus holding them in 
place. 

The pulleys are of standard manufacture, there being 
a grooved pulley 4 inches in diameter which is connected 
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to the 1-incli motor pulh'y with n i-omKl leal her hfll, and 
two %-iiich face pulUiys 1 1,4 iindies and l! inclirs in diatn- 
eter from which tlu! latdi(^ .spindle is di'iv(*n. 

The comitorsh:i.rt and motor are nmnnied on a wood 
base which is bold'd to tln^ base hoard ot the enhinel. 
The bolt holes arc sloth'd, thus inakin,y it possible to lake 



Pig. 40 — Showing the driving motor 


up slack in the lathe Ixdt by itioviny’ thi' eoiinlerslial't and 
the motor. 

The rheostat is just Ix'hind the hdln' where it can b(' 
reached convimiently by tln^ op('ra.tor. Nh'ar it is a snap 
switch which controls tlui ('iitira' ciirreid snp|dy to the 
motor. Ejither this or the I’lnsistat, or botli, ina\' be u.sf'd 
as the operator wislu^s. 

It the builder de.sires, h(i cn,n arran^rc ^ small ra<'k on 
the hack of the cabinet to hold various to(ds and attach 
ments for the lathe. If such a rack is made, it will !«' 
necessary to so design it that tlu' tools will be lu'Id in 
place while the cabinet is being takmi from placi* to 
place. 



CHAPTEE III 

DRILLS AND DRILLING 

^Mlarking work for drilling’ — ^How to sharpen drills for various metals — - 

Speed of drill for different work — ^Description of twist drills and 

names of parts — ^Using the V-Bloek. 

Drilling generally forms an essential operation in 
the construction of anything the model engineer makes, 
and knowing how to drill accurately and properly is a 
<3Listinet asset that every amateur mechanic should avail 
himself of. 

In the following paragraphs will he found a short 
hut practical treatise on the subject of drilling which has 
heen prepared for that class of readers who have never 
had the opportunity of becoming learned in general ma- 
chine shop practice. 

Unless the holes are to be drilled promiscuously, 
xneasuring and marking constitute the first operation in 
drilling any object. As a means of illustrating, we will 
assume that we have a brass plate 3 inches square and 
^ inch thick to be drilled with holes of various sizes. 
With the exception of the method of sharpening the 
drills, the drilling of a piece of brass is no different than 
the drilling of any other metal. 

The tools necessary for marking are a rule, a pair of 
dividers, a center punch and a scribe. The scribe, which 
is merely a sharp-pointed piece of steel used to scratch 
marks on metaUie surfaces, can be made from an old 
round file ground down on a wheel. A center punch can 
also be made in the same way. The rule is a steel one 
of the machinists’ type and the dividers need not be 
larger than four-inch. 
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The brass plate is to be drilled as shown in Fig. 
The first operation will be that of finding the exact ee 
ter, and this can easily be done by scratching two lin 
as show in Fig. 42. (Do not scratch the lines too deep: 
as they wfil have to be papered off when the drilling 
done.) At the point where the lines intersect, a smi 
indentation is made with the center punch, as this is t 
exact center and all future measurements will be ma 
from this. We will now measure for the holes in t: 
corners. As they are 1% inches from the center, "v 
will open the dividers to 114 inches, and with one poi: 


o o 

o° 

o 0 


41 Eig. 42 mg. 43 

Tig, 41 — ^How the plate is to he drilled 
Fig. 42 — ^Finding the exact center 
Fig. 43 — ^Locating the holes 

ill tlie center, scratch a small are in each corner of tl 
plate so it crosses the line we first drew. This is show 
in Fig. 43. With the dividers open to % inch and tl 
point in the center, two arcs are marked as shown fc 
the two small holes which are to be inch from tli 
center. At each point where the arcs intersect the tw 
original lines, make a small indentation with the cente 
punch. 

ith the dividers open % inch, scratch a circle i 
the center of the plate and within the circle draw anothe 
one, about half the size of the first one. Also scratch 
small circle at each corner and for the two small hole 
just off the center. These circles are an aid in drillinfi 
and their use will be described later. 
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Before describing the actual drilling of the brass 
plate, a few lines will be devoted to the twist drill and 
Bow to use and sharpen it for different classes of work. 

First, let it be known to every amateur mechanic that 
it is absolutely impossible to drill accurately unless the 
drill has been sharpened properly — ^with mechanical ex- 
actness. In order to sharpen a drill in the proper way, 
an elementary understanding of its working principles 
is essential. 

Fig. 44 shows an ordinary twist drill together with 
the names of its various parts. It will be noted that 
there is a pronounced clearance between the cutting 
edge A and the back edge B. Both cutting edges of a 
drill should be at exactly the same angle and the clear- 
ances on each side should also be as nearly equal as 
it is possible to make them. In sharpening a drill, 
the angle of the lip clearance must be left to the judg- 
ment of the mechanic, and care should be taken that it 
is not too great, as this will cause the drill to bite too 
greedily. Equally defective is a drill without enough 
clearance between the cutting edge and the back edge, 
as it will heat up excessively and also cause the flute 
edges to wear rapidly, thereby throwing the drill out of 
caliber. To those who are not experienced in grinding 
drills, the writer would suggest studying the clearance 
on new drills of various sizes. This will be found to be 
very helpful. In grinding the small drills (Nos. 60 to 
80), care need not be taken in rounding off the clearance, 
as a flat clearance will suffice. Small drills should be 
ground on wheels of fine grit. 

If the clearance on each side of a drill is not equal, 
it is impossible to drill accurately with it, as it will have 
a tendency to revolve eccentrically, owing to unequal 
pressure, and thereby produce a hole considerably larger 
than the gauge of the drill. 

"When a drill is to be used for drilling brass or cast 
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iron, it should not bo sltarix'uod in tlio ordinary inarmor. 
The lip of the drill should bo .i-'ronnd oil: as shown in h 
47. Aside from the advaulaj--o of oultin,i>- t'ashn-, this 
prevents the drill from worming its way Just as it breaks 

through at the end of the bon'. 

Assuming that the drills aim aoouratoly and proiuniv 
sharpened for the drilling of brass, W(^ will now 







Fig. ii—A twist drlU with the names of the various parts 


the procedure in boring the hoh’S in the brass platii. d’lu* 
large center hole shall b(^ th(^ first one drilled, it wouhl 
he very bad practice to start drillin.g this hole with a 
%-inch drill, as the web of such a drill is so broad that, 
it is a very difficult matter to accurately “center” it. 
The only way to overcome this disadvantage is to sinri 
the hole with a drill of smallcn* gauge— -in this case a 
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i/s-ineli drill -will do nicely. It is at this point that the 
circles scratched on the plate come into nse. Place the 
i/s-inch drill in the chuck, start the press and bring the 



Fig. 45 — Showing the use of a **V-Block’* 


spindle down until the drill touches the center dot. Per- 
mit the drill to go just far enough to drill the dot off, 
then raise the spindle, and, hy means pf the small circle 
scratched on the plate, see if the tiny indentation made 
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is exactly in tin' usiii,a- the rirrh' as a aaiiila. if ; 

is properly ceiiU'nfd, drill just a liitle I'iirfin'f (da m, 
permit tlu! })oiiit of th<‘ drill in vi‘v\ far ludaw i|i, 
surface*) and follow out (he same e|ieratii'ii mi cardi enr 
ner. WlKen, tine i/>-iii<di hole in the l■eIlleI• is (jnlled 
cautiously until tin* drill is eentefi-d aeeurate|\, and di 



Fig. 46— Plato showing the holes Htarled alter the . ir. Jen ate iii.ule 


not bore right (.hrough tin* plale without ra,i. me llie pit 
die several timt'S to st't* that thi' drill i.s in the e\ae! eei 
ter. Fig. 4() will makt* thi.s clear. 

Those amatmir nx'chanics who have tried to drill 
transverse hole iii u picct* of round .steeh hnow what 
difficult matter it is to do it accura(t-l.v. This can easdl 
be accomplished, however, by the u.se'of a \' hleck. an. 
as these can bit purchnst'tl for a few cents, fh.' inecitani 
IS urged to proeure one. Their nse i,s , shown in the phe 
tograph, Fig. 45. I,i th<* evetd tin* meehatde desnvs p 
make one tor himself, it can (*asily he done on a .shaper 
and the sides ot tlui groovat are cut at ••vnctly 4.. degree,-* 
ihe rate of Ihed and speed f„r sin.-dl lHmefi drill; 

Ss^o^f *•^'>•1 M>- hard 

spee . An easy nielh(id of obtaining the approvi- 
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mate speed is that of dividing 80, 110 and 180 by the 
diameter of the drill, which gives the number of revolu- 
tions per minnte for steel, cast iron and brass, respec- 
tively. In drilling wrought iron or steel, the drill should 
he flooded with oil or cutting compound (soap and water 

•Gtoand to^ S/O* 



Pig^ 4.7 ^How to grind a twist drill for drilling "brass or cast iron 

make a good substitute). Brass, copper and cast iron 
should be drilled dry. 

When grinding a drill, be careful not to “burn” it by 
holding it on the wheel too long without dipping it in a 
convenient receptacle of cold water. “Burning” a driU 
means excessively heating it until it loses its hardness. 
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SOFT A^-D HAED SOLDEKING 

ETow to make soft solder adhere — Soldering fluxes — Preparation of metal- 
lic surfaces to receive solder — Methods of holding work while solder 
is being applied — ^Information on silver soldering — Silver soldering' 
outfit — Composition of silver solder — Application of silver solder. 


Soldering, both bard and soft, is an important 
operation Tvitb which the model engineer will have to 
become very familiar. Both processes require extensive 
practice to become proficient in, but this should not dis- 
courage the model maker, as it is quite possible to do 
good work vdth a little practice, providing the directions 
are followed carefully and the necessary precautions to 
insure success are taken. It may be that the first twni 
or three jobs of silver soldering or brazing will not lie 
entirely successful, but after the model maker bas made 


a fev experiments along this line, no difficulty will bo 
experienced in doing good work, which, although it may 
not be perfect, will serve its purpose. 

Before treating the subject of hard soldering, a few 
words will be devoted to the art of soft soldering. The 
most important part of soft soldering is that of properly 
preparing the surfaces to be soldered and holding them 
rigidly in place while the solder is being applied The 
patience of a beginner in soldering is often exhausted 
when the solder is applied to the surface and repeatedly 
adhering to the metal. Many unkind 
merits about the various imple- 

der th7rJr T general, un- 

^ - *^™^®^^ees, but the workman may rest as- 

sured that it is no fault of the solder he rusirg a7d 
tones onl of fen, it is toe ntetood of app W it 
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Before solder is applied to a metallic surface, the 
surface should first he scraped perfectly clean with a 
small tool that can he easily ground into shape from an 
old file. Although the surface should be clean and 
bright, it is not necessary to scrape excessively until a 
noticeable depression is formed in the metal. The sur- 
faces should be scraped just before the worker is ready 



Fig. 48 — simple alcohol torch for soldering 


to apply the solder, as long standing will produce a thin 
film of oxide, to which solder does not readily adhere. 
Once the surface is cleaned, it should not he touched wdth 
the fingers, as this always leaves grease upon the sur- 
face no matter how clean the hands are kept. After the 
scraping is done and the soldering copper is heated, the 
flux should he applied. A good flux for soft soldering 
ean he prepared hy dissolving small pieces of zinc in 
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hydrochloric acid. When this is done, a violent chemi- 
cal reaction takes place between the zinc and the acid, 
which results in the formation of a solution of zinc 
chloride. This is kept in a small glass bottle and applied 
with a small bristle brush or wooden dauber. In making 
this solution, the zinc should be added to the acid until 
no more chemical action takes place. 

With the surface prepared according to the foregoing 
directions, and vuth the flux in place, the solder is ready 




to be applied. Solder in the form of a heavy wire is the 
most convement to use, especially for the beginner. The 
copper sho^d be brought in contact with the work and 
the solder fed to the tip or point of the copper as fast, 
as It melts and runs. If it melts at the instant it touches 
the copper, this mdicates that the copper is far too hot, 
and this IS a common mistake of many beginners The 

a short time. 

After the solder has attached itself to- the metal, it may 
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appear very uneven in places, and to renaedy this the 
hot copper is run lightly over the joint to even the de- 
pressions and projections. In heating the soldering cop- 
per, the tip or end should not he placed directly in con- 
tact with the flame, as this burns the tin off and renders 
it more or less unsuitable for use. The upper part of 
the copper may be exposed to the flame and the tip will 
be heated by the thermal conductivity of the metal, which,. 


by the way, is very high. 

Although it is quite necessary to employ the ordinary- 
soldering copper in many eases, the best and most effec- 
tive method is that of applying the heat directly to the 
surfaces to be joined together. The heat may be sup- 
plied by an alcohol lamp, gasoline blow torch or a Bun- 
scui burner. The flame used must be free from soot, 
otherwise it will contaminate the surface and render it 
impervious to solder. After the metal is heated in the 
flame, the solder is applied by bringing it in contact 
with the heated metal and holding it there until it melts 
and runs into place. The joint should be given plenty 
of time to cool before it is handled roughly. Many tunes 
it is necessary to bind the pieces together that be 

soldered with iron wire. This holds them rigidly m 
place until after the solder has thoroughly cooled. Jm 
employing the method of direct heating in maccessible 
cotnei, it is best to use a small alcohol burner such as 
that shown in Fig. 48. This can be made with very little 
trouble and serves its purpose well. It 
of a small metal container with a cotton mck in at the 
end of which the alcohol burns. A smaU metal tube i 
soldered to the container so that the end of it comes di- 
rectly over the wick. By blowing mto the tube, the flame 
can be greatly extended and directed to any part of _ 
wkat hand There is one precaution necessary m 
solderin"- by the direct application of heat : The two ob- 
" be soldered togeLr m.st both be at the same 
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temperature. If a smaU piece and a large piece of metal 
are to be soldered together, the small piece is very apt 
to become heated much more quickly than the larger 
piece, and the piece that is heated to the greatest tem- 
perature -will absorb most solder. This should^ be pre- 
vented as far as possible, and can be avoided in many 
cases by heating the larger piece first. 

In soldering certain objects, it is sometimes practi- 
cal to first vrire them together so that they will hold th(' 
position that they are to be soldered together in. Of 


Pieces of Silver- 
Solder 




Boiler 


Fig. 50 — ^EigM: How tiie silver solder is laid on the "boiler. Left: A 

finished joh 


course, the pieces should be so wired that the wire will 
in no way interfere with the soldering. The wire should 
not be removed until the work has cooled sufficiently, 
otherwise the job is very apt to be spoiled. 

Many times it is necessary to “tin” a piece of metal 
before soldering it to another piece, and this operation 
is very easily done by placing tiny pieces of solder about 
the surface of the piece and then heating it in a flame 
until the solder melts. Sy means of a wire brush or 
small stick, the molten solder should be spread over the 

surface. A piece of metal so prepared may very easily 
be soldered. 


Good soldermg — and soldering attended with the 
least possible difficulties - depends largely upon the 
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^ flux” or “paste” employed. Many meclianics use their 
favorite preparation, made according to their own for- 
mula, and others prefer the standard market articles, of 
which there are many that can he recommended. Ordi- 
nary resin is best suited for electrical work, owing to the 
fact that it will not corrode the wire and produces a very 
dependable connection from the electrical standpoint. 
Many patented preparations on the market are also 



Fig. 61 — ^Proper method of holding a soldering copper and solder 


very suitable for electrical soldering. If resin is used, it 
should be ground up into a very fine powder and sprin- 
kled on the surfaces to be soldered together. Owing to 
the fact that resin is very soluble in alcohol, a solution 
of it may be made and applied to the metal in this way 
by means of a small brush. Immediately this prepara- 
tion is exposed to the atmosphere, the alcohol evaporates 
and a very thin film of finely divided resin is deposited 
upon the surface of the metal. 
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The process of silver soldering is much more difficult 
than that of soft soldering, and requires more patience 
and experience to produce good work. The various tools 
and materials used in the process of hard soldering or 
silver soldering are shown in Fig. 49. The outfit, al- 
though not elaborate, will enable the model maker to do 
very good work. It is not the outfit that is so important, 
but rather its intelligent use. The heat used in silver 
soldering must be very intense and, for large pieces of 
work, it is necessary to employ a big flame. The or- 
dinary gasolene blow torch produces a very good flame 
for this work and it has sufficient heat to melt the solder. 
The use of the various tools and materials illustrated 
win now be explained. The acid pickle is made by mix- 
ing 1 part of sulphuric acid with 20 parts water. After 
an object has been silver soldered and cooled sufficiently, 
it is immersed in this pickle, which thoroughly cleans it 
and removes all traces of the borax used. This pickle is 
also used when the work is dirty and greasy, as the solder 
wiU not adhere to such a surface, and it is first necessary 
to clean the metal in this solution. The charcoal block is 
used to place the work upon while the soldering is Ixjing' 
done. The object of this block is to return the heat to 
the work and this helps greatly in making the opei'atiou 
moie rapid. In many cases, however, it is quite impos- 
sible to employ this block, even though its use would 
greatlj help the work. The borax is used as a soldering 
flux just as resin is employed in ordinary soft soldering. 
The borax is moistened and rubbed on the slate, wliieh 
produces a paste of borax and water. This is painted 
on the metal to be soldered at the point where the solder- 
ing is to be done. The use of the small scraper shown is 
obvious. The blowpipe is used on very small work where 
an alcohol lamp is employed as the source of heat. 

Silver solder consists of brazing spelter (brass) and 
pure metallic silver mixed in varying proportions. The 
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percentage of the metals in the composition determines 
tlie melting point, and this may be anywhere from 70.0° F. 
to 2000°F. The higher the solder melts, the stronger 
the joint it produces will be, and vice versa. For model 
boiler work, a solder with a comparatively high melting 
point should be used. There are other eases where a 
mixture with a low melting point can be used to advan- 
tage. One thing must be kept in mind, however, and 
this is the necessity of using a solder that is not too close 



Fig. 52 — The end of a boiler wired in place ready for silver soldering 


to the melting point of the metals that it is to be used 
upon. A good solder to use in connection with copper 
consists of two parts silver to one part of brass in the 
form of brazing spelter. A good mixture for work with 
brass consists of seven parts of silver to two parts of 
brazing spelter. Silver solder in sheet form can gen- 
erally be purchased from large jewelers’ supply houses. 
The mechanic can melt up his own ingredients and roll 
it out into a sheet if he desires. This is the most suitable 
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form to use it in, as it does not r('(iuir(^ siu'li n hnii^th 

of time to melt. 

Assuming that the end of a small boiler is to b(' silvi'r 
soldered into place, the pi'oeess will b(‘ l)ri<‘lly oul lined 
so the mechanic can obtain an uiKhn'staiuling ol just 
how to proceed. If the nadal to b(' worki'd u|)on is \'ery 
dirty, it will first be necessary to imnun-se ii in tli(‘ a('i<l 
pickle to completely remove all ror<'ign niaibn’ Iroin its 
surface. It may also be nec<\ssa,ry to s('rai)(' the snrla<'(‘ 
with the smaller tool made for that purpose 1 rom an old 
file. The end piece is then put in plaex' and Indd lh(“r(> 
by means of iron wire. A little of tla^ borax is then pr(>- 
pared and that portion of the ni(d;al whicdi is to i-oceive 
the solder on the inside is cov(‘r(Hl wiih a thin Him ol it 
by applying it with the brush. tSniall s<piares <d' tlni 
silver solder are then cut with tinmn-’s snii)s and laid in 
places about the bottom of tlu' boiler as near tin' con- 
tacting surfaces as possibha Th(‘ boiler is then placed 
upon the charcoal block and luaited. TIh* heat is not 
applied directly to that part to b(' soldered at (irsf, as 
this would cause the water in tlu'. borax to boil and 
would he apt to dislodge the small s<inan's of sohh'r that 
were put in place. Insbuul, tlu^ In^at is first ai)plied to 
the top of the work, and tlu^ bottom will Ix'conK* gradu- 
ally heated by conduction. Afbvr tln^ borax has b(>come. 
sufficiently dried, the llanui may lx; appli«>(l dircadly to 
the work and held there until tin! solder metis and runs 
into place. If the end of the boilcu- was to lx* soldeiaal 
in place from the outside, the solder would lx* put in 
place as shown. If a gasoline torch is us<‘d to heal Hu* 
work, it should not be brought too (dos(s as tin* full beat 
of the flame will not be utilised if this is dom*. On tluf 
other hand, if the flame is held too far nwa\', the soot 
will be deposited upon the nudal and it will then Ix! 
necessary to again clean and pix'pare the surface. After 
the solder has melted, th(^ tlamci should Ix' ludd on tlm 
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Avork for a, i'ew iniiini,(‘S, as ihis liMids to prodnn^ a 
stran.a^'ar joint,. The woiic is allo\v(‘(l to c'ool ami it is 
tlum ))la(^(^<l in tJi(‘ pi(‘kl(‘ and ixnanittcHl to i-oinain tlun‘o 
a,t l(‘a.st, liv<oniinut,(‘s, ari.<n’ \vhi(di it, is rcnnoviMl and !‘ins<Hl 
in (r](‘aii \vat(n*. In soin(‘ (%as(‘S, tho part, to sih'or 
sokUnAxl nia.y ho ((uit.(‘ ina(*o(‘Ssihl(n and a, small st(‘(d rod, 
with t-h(^ (md split, may lx‘ (‘mploxaxl to hold tlu‘ sold(0‘ 
il‘ it is in ili<‘ t'oi’m of a. sho(d. ^V\io work oan tlion ho 
InmliHl to 1-1)0 pi'op(‘r tomp(*ratur(‘ and tln^ sold<‘r liold 
in pla,<*(‘ hy im^aiis of tli<‘ rod until it imhls and runs. 

A ,^’00(1 silviU’ sohlor foi* modtd work on thi)) brass 
sho(d. (%*in h(‘ ma<!(^ hy tnixin.i!,' l\\‘(‘l\a‘ paihs of silv<n‘ and 
oiu^ pari of brass to^’otlnn*. ddiis has a ('(Muparalivtdy 
low" ni(‘lt,in,i»’ point, and is (‘allod ‘■S(ui(*k^^ for this !’t‘ason. 
Anotlnn* mixture^ whioli is V(‘ry ,i;-ood for or<linary work 
oonsist.s of six pai'ts sihan* to ont‘ paid, spoltor or brass. 
This has a, mmdi hi.w’hor m(dtin.a* point tlian that dos<*rih(‘d 
piaw^iously, hut, it is muoli moro snitahh* for soim* work. 
In mixina; tln^so soldoi’s, tlio m(Mdiani(* shmdd us<‘ (aaia* 
to that, tho motals omploy(Ml aro vory <*loan hoforo 
tlu^y ar(‘ imdtcMl toii^’otlnux ami if. is always safo 1(» </!oaii 
thorn with <Mnory (doth txd'oia* doin^w' this. 
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'* HAKDENING AND TEMPERING STEEL 

Simple experiments in the tempering of steel — Proper temperature for 
tempering to various degrees of hardness — Case hardening — Carbona- 
ceous material employed — Proper heating — Notes on case hardening 
furnaces. 

In model building and experimental work it often 
becomes necessary to harden a piece of steel and temper 
it to a definite degree of hardness or soften a hard piece 
such as a spring so it can be drilled or machined and a 
few simple experiments in heat treatment of steel are 
sufficient to enable one to obtain the desired results. 

Secure a piece of spring steel wire about %2 inch in 
diameter and 3 feet long. Heat about 2 feet of it to a 
dai'k red color and allow it to cool slowly in the air. 
This win anneal the wire so it can be hammered easily. 
Hammer it flat to a thickness of about Vsz inch and smooth 
the surfaces by grinding or filing. Heat the flattened 
end of the wire to a light yellow color and let the red 
color extend about 3 inches from the end, allowing a 
gradual change in color from the end to this point. Cool 
the uire quickly by dipping it suddenly (endwise) into 
water as soon as the desired color has appeared. 

With a pair of pliers or vise, break off about % inch 
of the end of the hardened piece and notice the grain of 
the fractuie. Break a second piece and compare it with 
the first, then a third, etc., till the wire bends without 
breaking, comparing each fracture with the previous 
ones. You will notice that the part of the metal which 
was the hottest is always the most brittle and breaks 
easier than the part which was colder. At some point 
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between these two extremes there is a fracture which is 
of fine grain and has a silky appearance. That part of 
the metal which shows the finest silky grain and is too 
hard to be filed was heated to the proper temperature. 

Eepeat the operation, this time trying to heat about 
5 inches of the piece to the proper temperature, which is 
somewhere near 1450°F., depending on the quality of 
the steel. This time test the texture of the grain as before 
and determine whether the proper temperature was main- 
tained to produce the finest grain and hard metal. When 
the proper hardening heat has been determined and the 


Fig. 53 — A small piece of pipe used as an annealing oven 



piece hardened properly, tempering is next m order 
that is, reducing the hard brittle metal to a tough phahle 
state suitable for a spring, punch cutting tool, or what- 
ever is desired. v 

Eemove the scale or oxide by grindmg or polishmg 

the hardened part of the wire with a piece of emery 
cloth, soft brick or an emery wheel. Heat slowly about 
2 inches of the end and notice the oxide colors as they 
appear on the surface. As the temperature_ mcreases, 
tta first noticeable change mU be from 
ished gray to a light yellow, then a straw, brown, purple, 
Wnc etc till the piece becomes very soft agam. 

Satingfmoye the piece about m ‘he heat^o as 
to draw the end to a gray blue and about 3 or 4 me 
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from the end to a light yellow. Between these points 
the entire color scale will appear and indicate to what 
degree the partienlar part was last heated. If the piece 
was hardened properly, the color on the surface indicates 
the degree of hardness. With a pair of pliers, break and 
examine the pieces as before. In this ease it will he 
noticed that the part which was heated the hottest is the 
softest and tliat the part which has turned to a blue gray 
will liend easily before breaking. By studying the colors, 
their corresponding temperatures which are given beloAV^ 
and the physical qualities of the steel, any desired degree 
of hardness may be obtained with comparative ease. 


Faint yellow . . 430°F. 

Straw 450°F. 

Dark straw . . . 470 °F. 
Brown 490°F. 


Dark brown . . . 510 

Purple 530°F. 

Blue 560°F. 

Gray blue 610° F. 


Case hardening or cementation is the process of pro- 
ducing an exterior layer or skin of hardened steel on an 
article of iron or low carbon steel. This is one of tlu^ 
most useful procedures in metal work, when properly 
carried out. It enables us to create a hard wearing sur- 
^ee upon material itself incapable of being hardened. 
Ue get a comparatively soft and tough interior com- 
bmed vuth a hard exterior. 

There are several processes, but the same general 
purpose of impregnating the outside with a high per- 
is obtained. The processes differ in 
1 espect to the way it is sought to attain this object. The 

conf?- ^ atmosphere of some suitable 

Thl V e rnfl' 1 1 V^ocess. 

bfiTiP ’ u ^ articles in a quantity of ground 

one and the work, and then heat the whole to a high 
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temperatvirc^ until wuflicHuit (‘urboii Itoiu tlu'i boiu* has 
penetrated into thc^ work. ^I’his is the nubhod in K<‘n(‘ral 
use for lii«-h-elaKS -work, and is r(‘Coniniend(Hl to the 
nicehanie. 

It is not iHwessary to hav(> elaborate apparatus, i tie 
principal thins« needed are (1 ) the packinfi: case ot int'tid, 
( 2 ) the packiuft nminriid, aiui (: 5 ) ti means of lu'atinjt the 
case, when packed, to the proiier bnupm-ature and hold- 



ig. 54, Simple motliod of case Uardenlnir a small gear wheel, using a 

blow torcb 


ing it there for a considerable period— 1 to 10 hours or 
longer, depending u{)on tlie result wanted. 

After the impregnation with carbon, what we have is 
a skin or exterior layer of high carbon steel. It renmins 
to harden and, if desiiasl, to temper this akin. It the 
work is of liigh grade and there, la a desire to liave the 
very beat results, then with st(‘el work it will often la* 
necessary to handle the hardening in such a way as to 
provide for annealing tlie.interior metal, ^’he reason lor 
this is that the high temperature at which the work^ is 
impregnated with carbon may have damaged the ti unlit y 
of the steel. The annealing is to restore the quality. It 
naturally precedes the hardening. 

The case or box used may bo made of cast soft sttnd 
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or of sheet steel. A proper way to raake the box of sh< 
steel is with the aid of the oxy-aeetylene welding proce 
The box may be of almost any size convenient to hanc 
and heat. It must be large enough, since the packi 
material should be used generously around the articL 
For a box 12 x 14 x 24 inches in size, a thickness of shei 
ing of 0.4 to 0.6 inch is proper. A box such as describ 
should last through perhaps 12 or 15 occasions of its u; 
TiTiat disintegrates the boxes is not so much wear a] 
tear as the action of the atmosphere on the highly heat' 
metal. It may be well to state that it is advisable 
make the boxes small rather than large. We must n 
forget the considerable amount of packing material, 
small box vill naturally get heated up more quickly thj 
a big one and will be more likely to have the same ter 
perature all the way through. The box should be mac 
vith a lid and the two should be so designed that tl 
edges overlap. 

In charging a box with the work, it is proper first 1 
coat the inside bottom with a paste made by mixing cla 
and water. This coat should be allowed to dry tho: 
oughly before going on. After the drying is complete 
we put in a layer of the packing material. This layc 
should be, say, inches thick. This packing materh 
should be in the condition of a fine powder and shoul 
be very dry. The first layer of the articles is put in plac( 
We are careful not to put one against another, but t 
allow at least inches between them. We then pae 
in the carbonaceous material. Care should be taken t 
fill in crevices and cavities and other irregularities of th 
work. We then put on a layer over the work, maldTi . 
this layer, say, 1 inch thick, if more work is to be put in 
and 1% inches thick, if no more work is to go in. L 
ease the box is not full when we have put in 1^ inchei 
of packing material over the top layer of work, then w< 
fiU m packing material clear on up to the top. The cove] 
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is no'w put on, fire-clay made pasty with water being 
used to seal the joints between lid and box. 

We are now ready to put the box into the furnace. 
We put it near the door in order to give the moisture 
in the fire-clay paste, and any other moisture that may 
be in the packing material, time to evaporate. After 
the mpisture has evaporated, the box is placed in the 
hottest part of the furnace. 

Almost any kind of a furnace will answer, if it can 
be made hot enough and provided the temperature in the 
region where the box is can be managed so that there will 
be only very small differences at different points. This 
latter requirement is a very important one. A good gas 
furnace is, however, easily able to meet it. It is consid- 
ered undesirable that in the working part of the furnace 
the temperature at one point should differ by more than 
50°F. or 60°F. from that at any other point. If improp- 
erly heated, the work may, accordingly, come out of the 
box in various conditions. Or, if the box is used to hold 
one large article, then one part of the article may have 
received more carbon than another. 

A proper temperature to use in case-hardening is 
1740° F. This is a light orange color verging to a yeUow. 
Case-hardening may be done at a lower temperature — as 
low, it seems, as a light red, under favorable circum- 
stances. It should be remembered that it is not simply 
the box that has to acquire the temperature but the work 
itself ; and that a sufficient time must be allowed to get 
the depth of impregnation desired. 

One of the simplest materials is that made according 
to the following formula ; 

Wood-charcoal 9 parts 

Common salt * 1 part 

In using this mixture, it may be necessary to go to high 
temperatures to get results in a reasonable time. Tern- 
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peratures up to light yellow may be used. Another mix- 
ture, claimed in authoritative quarters as better, is the 
following : 


P owdered vood-chareoal 6 parts 

Barium carbonate 4 parts 


IVith tills mixture, a mild tool steel coating, very thin, 
is obtainable at an orange heat or higher; and a high- 
carbon tool steel coating, %2 inch or thicker, at high tem- 
peratures near light yellmv. An advantage of this mix- 
ture is that it may have its activity restored after it has 
sutfered from use, the simple means of restoration being 
exposure of the material in a thin layer to the infiuenc(i 
of the air. 


There are many substances used for packing mateiial 
for example, vood-eharcoal, leather, bone, common 
salt, sodium carbonate, saltpetre, resin, sawdust, soot, 
etc. These are used in various combinations. 

Case hardeniag to a very small depth may be accom- 
phshed by putting the cold, or moderately heated, article 
mto a bath of potassium cyanide. The bath should be 
heated, say, to a hright cherry red prior to the immersion 
article may be hung by a fine iron wire 
and aEowed to remam until it acquires the temperature 
0 the bath. This viE, m some ordinary cases, require 
about a quarter of an hour or a Ettle longer. It is neces- 

cyanide of potassium is a very 

ouf Poison- 

The east iron pot or other crucible holding it should 
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THE USE OE ABRASIVES 

Abrasive equipment for ttie model engineer's workshop — Grinding and 
polishing — Grinding attachments for small grinding head — ^Bonds 
used in making abrasive wheels — ^How to choose a wheel for certain 
work — Precautions to be taken in mounting wheels. 


There are many instances, in certain work, where the 
short-ent lies in grinding, and owing to the scarcity of 
published data on this very important subject many re- 
main ignorant of the great utility of simple abrasive 
materials and equipment in their apphcation to me- 
chanics. 

Every workshop should contain a small grinding and 
polishing head. The one shown in Fig. 55 is a very good 
machine for the work generally required in the small 
shop, as it can he used for grinding, polishing and buffing. 
The machine should be belted to a %-H.P . motor of suffi- 
cient speed. In the event the mechanic is unable to pro- 
cure such a motor and has a small bench grinder, the 
arrangement shown in Fig. 60 may prove to be of interest 
to him. The clamping disc of the bench grinder is re- 
placed by a wooden pulley with a groove large enough to 
accommodate a sewing machine belt. The pohshing head 
is placed close enough to the bench grinder so that one 
may work conveniently at the former while driving it 
by means of the bench grinder. If a motor is used, a 
rheostat would make a very valuable addition to the out- 
fit, as a variation of speed is desirable for different 

classes of work. . . , , 

The grinding head should be provided with an assor 
ment of wheels of various shapes, sizes and grits, as every 
wheel should be adapted to the particular kind of work 

89 



90 Model Engineering 

it is to be used for. A wheel 3 inches in diameter by 
1/2 inch thick is a very good size for general work when 
used vdth the small polishing head shown in the picture. 
As such wheels can be purchased for about 40 cents each, 
it is advisable to have four or five on hand of various 



Pig. 55 — grinding outfit for the model engineer’s workshop 


grits; from very fine grit to coarse grit. Several round 
edge wheels of varying thickness should also be on hand, 
as there are many different jobs and operations where; 
such wheels can be employed with great convenience, as 
in the cutting of grooves, etc. For very fine and accurate 
work, small wheels of fine grit should be employed. Such 
wheels are commonly known as jewelers’ wheels, and ow- 
ing to the difiSculty of procuring them with an arbor large 
enough for use on a half-inch spindle, the little ‘‘kink” 
shown in Fig. 56 may be used. The wheel is clamped 
between two washers by means of a 10-24 machine screw 
and nut. The protruding end of the machine screw is 
then placed in the chuck of the polishing head. As these 
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wheels can be purchased for 10 cents apiece, it is advis- 
able to have an assortment on hand. 

Owing to the inability of the small grinding head to- 
stand np under heavy work, a spindle equipped with a 
larger wheel should also be included m the abrasive 
equipment of the shop. A small bench grinder is capable 
of accomplishing quite heavy work and, in. many eases, 
is sufficient for the small shop. The design and con- 
struction of a small, heavy-duty grinding head also pre- 



ig. 56 -how a jeweler’s wheel can he used in the chuch of a smaU 


sents a nice job for the young mechanic who is desirous 
nf eouinninff his shop with a minimum of expense. 

XSi as well as many other operations, can he 
done two ways : good and had. It is very easy to do bad 
polishing and not very diffimlt to do good 
viding the proper precautions are taken a 
practical methods used. 
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Two felt wheels 3 inelies in diameter by li/4 inche 
wide should be obtained from a polisher ’s supply housi 
These can be attached to the tapered end of the polishin 
head, care being taken that they run true. The peripher 



Fig. 57 — Drawing of a grinding disc for use witli a small grinding liea 

of each wheel is then sized with a thin coating of hot ear 
penters’ glue and rolled in carborundum or emery pow 
der. The wheels are then put away to dry. One whee 
should be prepared with a very fine abrasive powder anc 



Pig. 58 — A cylindrical grinding attaclnnent made from wood — The 
abrasive paper or cloth is held to its surface as shown 

the other with a more coarse powder. When it is neces- 
sary, the wheel with the coarse powder can be used to 
produce a preliminary polish and the other wheel can 
be used to put the final polish on the work. If carbo- 
rundum grains are used, the work should be held very 
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lifflitly against the wheel, as these particles are extremely 
sharp and cut very easily. Emery is less abrasive in its 
natnie, and it is necessary to bear more heavily on the 
wheeL 

An accessory for nse in polishing smaU flat surfaces is 
shown in Fig. 57. This is a brass disc 31/2 inches in diam- 
(dor^ and % inch thick, provided with a*%6-inch stnd or 
shaft in the center, which is held in the ehnck on the 
spindle of the polishing head. The abrasive paper or 
(doth discs used on the surface may be ent from the 
standard sheets obtainable at any hardware store. The 
disc is fixed to the surface of the brass by means of hot 
bcieswax. This is a very handy little contrivance, espe- 
cially in polishing small instrument parts. 

Another accessory easy to construct and very useful 
is shown in the drawing. This is a small wooden form 
or wheel turned out on a lathe with the dimensions as 
shown. A slot is cut across its face with a hack saw to a 
depth of 1/4 inch. A piece of abrasive cloth of any desired 
grit is cut to a length just exceeding the circumference 
of the form and the overlapping ends are bent at right 
angles and forced down in the slot. This holds the cloth 
to the surface of the wheel. 

A very convenient little contrivance is shown in Fig. 
59. This can be used for polishing small flat surfaces 
quickly. As will be seen from the photograph, it is merely 
a board equipped with a clamp at each end. The ends 
of the abrasive paper or cloth are placed under the clamps 
and held tightly by screwing down the winged nuts. To 
polish small, flat objects it is only necessary to lay them 
on the abrasive cloth and rub them briskly over its sur- 
face with an oscillating motion. Aside from a quick and 
convenient means of producing a polish, it is also useful 
in getting work down to exact size, as rapidly revolving 
abrasive surfaces generally cut too fast for extreme a(j- 
curacy by hand. The board is made wide enough to 




rig. 59 — lap board wliicli is very convenient for polishing and grinding 

flat surfaces 

recommend the use of a combination stone which is com- 
posed of two stones (coarse and fine) cemented together. 
Such a stone is both convenient and economical, as it can 
be purchased at the price of a single plain stone and 
thereby saves the expense of an extra one. The tool is 
first edged on the coarse side and the fine side is then 
used to further remove the imperfections of the previous 
operation. Water or oil may be used to lubricate the 
stone. Some mechanics prefer one and some the other. 
It is optional which is used. If it is desired to produce 
an especially keen and delicate edge, the surface of the 
stone should be tempered with wax or vaseline. These 
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accommodate two strips of abrasive cloth each 4% inches 
wide by 11 inches long, which is just half of a standard 
9 X 11 sheet. One strip should be of a very fine grit and 
the other should be of a coarse grit. 

It is advisable to have both a coarse and a fine grit 
stone in the shop. In place of these, the writer would 
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substances fill the pores and interstices of the surface 
and regulate the sharpening process. 

A small hand stone should also be in every mechanic’s 
tool kit. This will be found very useful in sharpening 
small di-ills, reamer edges, compass points, etc. 

The following words on the technique of the grindino- 
wheel should prove to be of interest to the average mt 
chanic, as the information given will help him to choose 
“tlui right wheel for the right place,” as one big manu- 
facturer puts it. 

(Irinding wheels should be adapted to the particular 
kind of work they are to be used for. Shape, grade, grit 



Fig. 60 — Driving a grinding liead with, a hand grinder 

and bond should be considered when choosing a wheel 
for, a certain class of work. The importance of this is 
obvious to the careful mechanic. 

Grit — The grit of a wheel is determined by the size 
of the abrasive - particles that compose it. Coarse grit 
wheels are composed of large particles and the finer 
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■wheels of smaller particles. The grit is determined by the 
number of meshes to the linear inch of a sieve that the 
particles composing the 'w^heel 'roll pass through. These 
numbers generally run from 12 to 150. Lo'w numbers 
indicate the coarse 'n^heels, and high numbers the finer 
grit -n-heels. UTiere large, heavy cuts are to be made, 
wheels of a coarse grit should be used. In more delicate 
operations where great accuracy is sought, "wheels of a 
finer grit should be used. 


Bond — The bond of a wheel is the substance used to 
hold the abrasive particles together. The nature of the 
bond as well as the regulation of the mixing and baking' 
process determines the degree of hardness of a wheel. The 


bond of a wheel is very important and should al'ways be 
considered. The degree of hardness or the bond of a 
wheel determines how rapidly the particles composing it 
■will break away trom their settings. If they break away 
from their settings rapidly, the diameter of the w^hciel 
is reduced correspondingly fast, and the wheel is said to 
be soft. Such a wheel will cut fast and freely if its 
surface velocity is sufficiently rapid, as new and sharp 
abrasive particles are continually exposed owing to tlui 
old ones breaking off easily. There are many classes of 
work where such a wheel is necessary, and there are also 
many operations where it could not be used at all. If a 
wheel IS -hard,” its particles do not leave the bond so 
easdy, and therefore its diameter will not be reduced so 

madf ;■ ^ ^^®el is run too slowly and 

TcauseVt'+i This 

caused by the abrasive particles losing their cutting- 

power by wear before they are able to break away from 
eir settmg owing to the hardness of the bond. There 
are eases where the employment of such a wheel is neces- 
sary. As an example : A 3-foot steel -shaft is being turned 
to an exact diameter beiween centers on a univerii 
grmdmg „,achi.e and a cut of „f an inchTsTdng 
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mades -tlie entire length of the shaft. If the wheel nsed 
IS 11 oh Iiard enough, it will reduce in diameter in making 
the ciixt; and inaccuracy will result, as one end of the shaft 
will Too larger than the other. 

list of the common bonds used in abrasive wheels 
follo-ws, together with the special class of work each bond 
is most adaptable to. 

Vitrified — The bond of such a wheel is generally a 
speoia,! clay. Vitrified wheels are used for cylindrical 



Fig*- — The grinding disc shown in Fig. 57 attached to a grinding head 


axi<3. cutter grinding as well as for general machine shop 
worlc. 

Silicate — The bond is silicate of soda, and such wheels 
fixid "wide use in all shop work. '*• 

JEJlastic — The bond is pure shellac, and as it produces 
a -wlxeel that is not brittle, it is generally used in making 
veary thin wheels (as thin as Vxq inch). Such wheels are 
1,1 sod for saw gumming, grinding reamers, cutters and 
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arbors. They are also used in cutting off small stock 
such as steel tubing, etc. 

Rubber Wheels — The bond consists of rubber and sul- 
phur. Although rubber wheels do not find wide use, there 
is special work where they are required, as they are not 
brittle and may be run at high surface velocity. Rubber 
wheels are also capable of withstanding great lateral 
pressure. 

It must be understood that the wheels of each bond 
are made in several different grades in varying degrees 
of hardness. The amount of metal to be removed, the 
physical nature of the metal being worked iipon, and the 
desired condition of the finished surfaces are the three 
governing factors that should be considered in choosing 
a wheel. 


After considerable use, the profile of a grinding wlieel 
becomes irre^lar and is restored by a process call(Hl 
dressing. This is very important, as it is impossibhi to 
accomplish accurate wbrk on a wheel with an irregular 
profile or grinding surface. There are various types of 
wheel dressers on the market, each with its merits and 
disadvantages. They generally consist of a set of small 
steel wheels which revolve rapidly in a suitable hohhu-, 
when they are placed against the face of the grinding 
wheel to be dressed. Such wheel dressers are very wcdl 
for large grinding wheels, but they will be found unsuit- 
able tor use on small wheels such as used in the hoiru^ 
shop. For dressing such wheels, a piece of an old broken 
wheel can be held to the edge of the wheel to be dressed, 
^_d if a httle care is used very good results can be ob- 
tamed in brmgmg a true surface to the wheel. This 
process IS also a good remedy for a “glazed’’ wheel 

A stiU more satisfactory stunt is to revolve the grinder 
at low speed and true its periphery with a flat file hold 
end on to actually “turn” the Lrface. 

Warmng-Tk^ following words are intended for those 
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have large, power-driven grinder heads 
111 theiia:* workshops: 

Q x'iiiding wheels sometimes burst without any Avarn- 
i"R‘ ain.< 3 . many men have been instantly killed by being 
!^tri;ie.lc with a flying piece. This is generally caused by 
<'‘’ *’^-l< 3 ssness, and with a little precaution many serious 
‘•'‘‘‘■‘■xlciiats could be prevented. Wheels should fit freely 
<»> b.lie spindle and should never be forced on. The rea- 
for this is as follows: If a lead-bushed wheel fits 
(ioo ssiixigly on the spindle and the bearing of the grinding 
lx 'txcl Toecomes too hot, the heat will be communicated to 
due load bushing, and as the lead has quite a high coeffi- 
cient; of cubical expansion it will bring a considerable 
prtessnre to bear upon the arbor of the wheel and in many 
cassuig Iburst it. The wheel should fit the shaft or spindle 
witli sufficient freedom to permit this possible expansion 
of* file lead bushing. Wheels should also be sounded 
carefully before being mounted and the flanges should 
JUiver pinch the wheel too tightly. Wheels should never 
l)(i x-nn above the rated surface velocity. 
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PATTERN MAKING 

General foundry practice — How moulds are made — Various kinds of pat- 
terns — Making patterns — Cores and core boxes — Parted patterns and 
how to make them — Finishing patterns. 

Pattern making is an extensive trade, and a man could 
v’ell spend a lifetime learning its various sides ; the begin- 
ner, therefore, should not attempt the building of large 
or complicated pieces mthout the help and advice of a 
practical man, but by keeping constantly in mind the 
elementary operations in the moulding and drawing of 
ordinary patterns he should be able to turn out satisfac- 
tory work, and not suffer the humiliation of hearing it 
prenounced faulty by the foundrymen. 

In this treatise no attempt will be made to describe to 
any length the tools of the trade and the mode of using 
them. Ordinary carpenters’ tools will answer tlie pur- 
pose for the amateur, and it is assunled that he is reason- 
ably familiar \nth their use. Many patterns do not re- 
quire the use of a lathe in making them, but for those 
that do, even though not expert in the use of turning tools, 
the operator mil usually be able to “scrape” to shape 
and sandpaper his work so that it appears presentable. 
Screws, nails and brads of various lengths and sizes 
should be at hand, and glue and shellac must be provided. 
Generally but a small quantity of glue is required, in 
which ease the ready-made liquid glue will prove inore 
satisfactory than the sohd kind, which has to be heated 
in water and melted. Several sizes of wooden screw 
clamps would be helpful in holding the parts together 
after gluing. Shellac is used for the finishing of pat- 
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terns. F/itlier tlie whiter or ()raufi;(^ may l)e bonght pre- 
parexi. H('V(‘.ra.l coats a.r(^ gmuo-ally iXMpiired, as the pre- 
liminary oiH'S i'ais<‘ tln^ grain ol' tlu^ wood and roughen the 
surraexs re(iniring iln^ application of fine sandpaper after 
'eacb <'oat; Hie (inisln'd snriace nmst be smooth, in order 
that tlie paitm-n may be (aisily “drawn” from the mould, 
llmx' a ciintion should hi' inserted ri^garding the use of 
sandtiapi'r; t he ariich' must, be brought as nearly as pos- 
sible to its final rorm and finish withmit the use of this 



Fig. 62A’»«-A pattern on a moulding "board 
Fig* 02B—*A two«plece pattern 


abrasive, and grmit care should lie taken not to curve 
supposedly flat surl*ac<‘s or to round supposedly square 
corners through mnploying an excess of zeal in its ap- 
plication. . , - , , 

Almost any fairly soft, evenly grained wood capable 

of taking a good finish, and which will not ^arp or swell 
to an undue extent through coming in contact with damp 
sand in the mould may be used for this work. Cherry 
and mahogany, because of their freedom from warping, 
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shrinking and swelling, and because of the line linish they 
are capable of taldng, are considered about the best for 
regular eonnnercial patterns, but they are rather expen- 
sive, and cheaper lumber, such as white pine or redwood, 
will answer the purposes of the amateur just as well. 

In order to go about this work intelligently, it is essen- 
tial to imderstand clearly the series of operations by 


i 

i 



Kg. 63A— (Lower). A pattern parUy covered with sand 

S!' completeZy fiUed and smoothed 

iig. 630— (Above). Cope in position flUed with sand 


iflKh a eastog is produced at the foundry, and the 
reader s attention is oaUed to the series of photographs 
representmg Bie process of maiing a sand mould from 

M *'« nsoi 

moulded ti ^ if o press. Small • castings are 

of til ® 1^ r ™ (orm consists 

InS thThoT f * ‘0®®® Pi®e® 

m board. The upper frame is called the 
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“cope,” and the lower is known as the “drag.” A 
“moulding board,” which for our purpose may be eon- 
sklered a duplicate of the “bottom board,” is also pro- 
vided. In the photographs the flask” is represented by 
two wooden frames resting upon a bottom board. A 
regular flask, however, would be larger than this and 
of more complicated construction, being provided with 
guide pins between cope and drag, so that they will always 
fit together properly, cope “bars,” handles, etc., and they 
are often built of iron. For the purpose of simplification 
all such details are omitted from the pictures. Sections 



Fig. 64 — (Above). Pattern exposed and piece moulded in place 
Fig. 65 — (Below). Pattern withdrawn and two-piece pattern held together 

with dowel pins 


called “cheek pieces” are sometimes introduced between 
cope and drag for producing complicated castings and a 
number of pieces are usually moulded in one flask, which 
is partitioned off for the purpose. While the procedure 
that follows may not always be adhered to in regular 
foundry practice, the beginner by so constructing his pat- 
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terns that they can be moulded by such a series of opera- 
tions is assured of good results. 

Our face plate pattern will first be placed upon the 
“moulding board,” flat side down, as in Fig. 62A, tluui 
the drag, sho\Mi, on end, behind the moulding board, is 
placed over it as in Fig. 63A, and filled with moulding 
sand which is “rammed” down and smoothed off ev(ui 
A\ith top of drag. Fig. 63A shows the pattern partly 
covered with sand, and Fig. 63B represents the. 
drag completely filled and smoothed off, the pattern be- 
ing at the bottom out of sight. Next, the bottom boartJ 



Fi». 66A Fis. 68B 

Fig. 66A — ^Pattern in place on "board 

Fig. 66B — Typical parted pattern with horizontal core print 


is placed upon the top of the drag for the moment, and 
the whole is turned over, the removal of the moulding 
board exposing to view the side of the pattern which 
rested upon it, as shown in Fig. 64. Now the cope is 
placed upon the drag, the pattern still being in place, 
filled with sand and rammed, and lifted off again. A. 
“sprue pin,” whose purpose is to form an opening 
through which the molten metal may be poured into the 
mould, is set into the cope previously to filling in the sand, 
but this has been omitted from the pictures. Fig. 63 C 
shows the cope in position, filled with sand. 

^ The cope having been filled and lifted off, the pattern 
IS removed by driving in a “draw pin” and “rapping” 
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to loosen it from the sand. Sometimes considerable rap- 
ping is necessary, and it is important to remember that 
a 'pattern should he as strongly constructed as possible 
in order to ivithstand this treatment. 

Fig. 65 shows the appearance of the mould after 
withdrawing the pattern., A “gate” or channel is cut 
through the sand from under the sprue pin opening to the 
mould, vents for the escape of air are provided, and then 
the cope is replaced and all is ready for pouring. As- 
suming that the reader has these fundamental operations 



Fig. 67A Pig. 67B 

Fig. 67 A — ^Pattern drawn from sand 
Fig. 67B — ^Parted pattern with core print 


clearly in mind, we will now take up the question of 
draft.” 

“Draft” refers to the tapering of the sides of a pat- 
tern so that it may be easily “drawn” from thd mould 
without breaking out the sand. In Fig. 70A-is shown 
a section of a plain flange pattern in position upon the 
moulding board ready to be covered with sand. The 
sides of the pattern are tapered off in order to facilitate 
its being “drawn,” as shown in Fig. 70B. It will be 
seen that if the sides were tapered in the opposite direc- 
tions the pattern could not be withdrawn without pulling 
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the sand np with it and spoiling the mould, and that if 
the sides were made perpendicular difficulty would also 
be experienced. Jfote that this pattern is made with a 
hole in the center, and that the sides of the hole are so 
tapered that upon dra-ndng, a column of sand will be bd'i 


. "fTf ETTf .tJ.. 


Pig. 68— Typical one-piece patterns 


Such a sand fo^ed XX by L 

kno^-n as a “green sand core ” Tw 

taken up later. subject of cores will 

or drawing is sho^i^af pernl^rT^ original design 

which the pattern wiU be moulded 
every side W'hich must slidp i-h^^ i words, 

from the mould, mmf he tano i^ drawing 

laper muM he in the right 7- 
-«ount of draft is purpose ^ the 

-eh to the footl 
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but the- amateur could well provide a greater amount, at 
least enough to make the taper easily discernible to the 
eye, for this would mean less work for the moulder and 
better eastings. He should always keep in mind the idea 
of the moulding board, as illustrated in Fig. 62A, and 
the drawing of the pattern as sho'wn in Fig. 66, and 
before beginning to make a pattern of any kind should 
always ask himself : “How will it be moulded? How will 
it be drawn? Are there any parts which vdll not draw 
without ruining the mould?” Upon deciding the direc- 
tion in which it will be drawn, he will then be able to 
determine which sides should be given draft and its cor- 



rig. 69— A few parted patterns 


rect inclination. Imagine the pattern to be placed on the 
moulding board as in Fig. 62 ; then the direction of J:aw- 
ing, in the present position, would be downward; there- 
fore, all outer sides of the pattern should slope upward 
and inward and the inner sides, as the sides of the ho e 
in flange in Fig. 70B, should incline upward and out- 
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■ward. TMs, of course, includes curved as Avell iis straiglvt 
surfaces. 

Keeping these facts in niind, there should l)o no diffi- 
culty encountered in constructing one-piece patterns hav- 
ing one side flat to allow for placing upon the .moulding 
board. It is not necessary, however, that tin; flat si (hi 
be made smooth, that is, having no openings or r(‘c(iss(is. 
Fig. 71 represents a pulley pattern set upon the moulding 



Fig, 70A — Flanged pattern showing draft 



Kg. 70E-Pattem removed, showing core left in sand mould 


b(5ard. The bottom is recessed and a lower hub ia formed 

BO troBblc, proyMod draft is 
be filled ™ indicated; the drag will 

eopflSib'rrf T ‘“™1 

Will -fill fi • ^ filled and some of the sand 

ue mtea_ oit with the remainder of the cope sand Tb o 
Pattera .s then removed, and npon replaLg tt 00^: 
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this projecting part of tlie sand -vvill extend down into 
the moiild in the drag, thus forming a recessed casting 
of the same shape as the pattern. Many other patterns 
fall under this class, such as the base plate of Fig. 72, 
with its recessed xuider side and interior bosses and webs. 
This pattern is also shown at B, in Fig. 68, and beside it 
is shown a bottom view of a similar one (A, Fig. 68). 

Care should always be taken not to build a pattern 
which cannot be drawn, such as the pulley of Fig. 73, 
which is identical with the one of Fig. 67, except that 
the bottom l ab projects beyond the pulley rim, and if 
iXLoulded as' showm the sand between rim and surface of 
drag would be torn out when drawing the pattern. It is 
not impossible to produce a casting from a one-piece pat- 
tern like this one, but it would not be wise for the begin- 
ner to make one of this type without obtaining practical 
advice upon the subject. The safest and best way would 
he to make that part of the hub which projects below the 
rim and interferes with the use of the moulding board, 
I'emovable, and held in place by dowel pins. This would 
really form what is known as a “parted” pattern. All 
T%'iPbs, "bosses or other projections upon the side of a one- 
piece pattern ivhich would interfere with the use of the 
'moulding board as shoivn in Fig. 62, should be made 
removable. 

A group of typical one-piece patterns is shown in the 
photograph. Fig. 68. A is the under side of a base plate 
similar to the one of Fig. 72, a top view of which can be 
seen at B. C is a drill press arm ; note that the boss Y 
and boss with tapered “core print,” Z, are removable, 
for the pattern would be placed on the moulding board 
with that side down. (Core prints taken up later.) J) is 
a slotted angle plate ; the slots must be given draft and 
the piece at right angles to slotted base should be given 
considerable draft, for this part is down in the drag. 
USTote rounded corner piece, or “fillet.” At E is a crank 
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handle ; F a follow rest for a lathe, and would be placec 
on the board laid flat as -shown. X is a “loose piece,” tc 
be described later. Gr and H are flanges; K should be 
specially noted as bearing out what was said in the intro- 
duction ; it was made to replace the broken part of an old 
lathe for which a new casting could not be obtained. The 



Pig. 71 — pulley pattern 


pattern 'w^as cut out by hand in about an hour, and the 
casting obtained only required a little hand filing and 
cost about bventy cents. At M is the tool rest slide for 
a speed lathe, X being another “loose piece.” These 

face plate shown in Figs. 
6-, 63, 64 and 65. The group gives an idea of the great 
variety of forms under this class. 

^ But many patterns have to be made in halves, or in 
lield together by wood or brass dowel 

as “narted ern pins.” Such patterns are known 
as parted patterns,” and are so made that one part may 
be moulded^in the drag and another in the coS-^he 
^ ^ parting line” of the pattern coincides’ with 

parting Ime between cope and drag. If made and moulded 
U. one p.eee ench a pattern codd not remov^tom 
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the mould without completely breaking up the sand, but 
the two parts are so constructed that each may be indi- 
vidually drawn, and then when the cope and drag are 
again fitted to each other, the mould formed by the im- 
pressions of the two pieces will be of the exact shape of 
the pattern. 

Photographs Fig. 62B and Fig. 63C (center) show 
a pattern which, on account of the shape of its base, obvi- 
ously could not be cast in one piece ; it is therefore “split” 
through the middle and moulded as illustrated in the 
series of photographs 62B, 63B, 64, 65. One part, that 
without dowel pins, is laid upon the moulding board, 
as in Fig. 62B; the other part with pins may be seen 




Fig. 72— A Ibase plate pattern 


standing on end. The procedure is the same as the mould- 
ing of the one-piece face plate previously described, until 
the drag is turned over and moulding board removed, 
exposing the flat side of the pattern to view. Now at this 
point the second part of the pattern is placed upon the 
piece still in the drag, the pattern pins holding it in the 
proper position, see Fig. 65. Then the cope is set in place, 
filled with sand, as in Fig. 63C, and removed. As the 
pattern pins fit loosely, the upper part of the pattern 
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comes off Tvith the cope which is turned over, and this 
part and that in the drag removed by means of “draw 
pins.” Fig. 64 shows the piece first moulded in the drag 
ready for dravung, vdth draw pua in place. The cope is 
now "replaced upon the drag after providing gate, vents, 
etc. (not shown) and the mould is ready for pouring. 
The important point to remember then, in making a 
parted pattern, is to provide the flat side of one piece 
Anth dowel pin holes, but no pins, in order that it may 
be laid flat upon the moulding board exactly as though 



Fig:. 73 Pijf. 74 

Pig. 73— A pattern- for a pulley that cannat he drawn 
jf’ig. 74 — A parted pattern for the pulley shown in Fig. 73 


it were a one-piece pattern; therefore the same rules for 
draft should be applied. Then supposing that both parts 
AAere laid flat, side by side, the taper or draft given the 
sides of the tivo respective parts should he in the same 
direction. A study of Figs. 62B, 63B, 64, 65 will make 
tms clear and Figs. 62A and 62B will , show how the 
mou g oard is used for the moulding of parted as well 
as one-piece patterns. By keeping in mind the use of 
this board one should be enabled to reason out the correct 
way to go about the building of patterns of either type. 

The pulley illustrated in Fig. 73, when provided with 

tat Tti ' ’7®",*'“'’’ “ “ parted pattern ; 

to iX '’®“ “Plained a better way 

If ^ ** described; by having the parting line 

of the pattern, and therefore of the monld, direcfly 
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through the center of the rim as in Fig. 74, much less 
draft need be given the rim, since now only half of its 
width has to he drawn through the sand; this also means 
less work for the moulder, for the pattern will draw 
easier and not require so much rapping ; a better casting 


f 


r J ^ , 

.. .. 1 ^ 

\ 





Fig. 75 — parted pattern ready for turning 


results, and there will he less machine work and waste of 
material due to its more symmetrical shape. 

A few parted patterns are shown in Fig. 69. For the 
moment no attention should he paid to the hlack projec- 
tions seen on some of them; these are “core prints” and 
will he explained later. At A, B, and E, are three pairs, 
and at 1) half of another. The cylindrical parts of these 
are lathe turned, and the other pieces fitted and glued. 



tf'ig. 76 — A Steel ‘^spur center'* whicli is used as a live center in wood 

turning 

E could he made in one piece and cast vertically, for the 
“nose” has considerable taper, were it not for the cylin- 
drical projection above it (this one is not a core print) 
which would have to he pinned on so that it could be 
removed and allow the “nose” to he stood upon the 
moulding board resting upon its flange. H is a half of 
the pattern shown as being moulded in Fig. 62B. C, F 
and G are “core boxes,” and will he taken up further on. 
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ItmiTst not bo su}>i)()S('(l lliaf i>artci} tintfcriis art* Im 
in one piece and Uk'ii sawed in (wo ntterward ; 
shows two piocos pbaiUHl and 111 It'd ttt;r,'fthi‘r with tiow 
pins, the I'ogular pins that ronuiin in (lie [latii'i'ii, at 
temporarily socurod by ('ounit'r sunk serous at (lii't'iui 
Epoug'h material should bt' alloweil at th<‘ eiuis far t| 
pattern to be turiiod to shape and ruiisheii af thi< em 
without running iid^o llutstt screws; the assembled pic, 
must be wide enough to allow of its being turiieil to cti 
rect diameter. (Ireat cant is necessary in placing tl 
work between centers, for the centers slioubi tit direct 
into the parting line; otlu'rwise the halves w ill be fom 
unsymmetrical. At Fig. 7(! is a, steel “spur center” list 
as a live center in wood turnin:';; tlie spur holds the (>i 
of the work firmly and no dog or other holder is reipiirc 
The doioel fins must alimtis he fit led first, hr fore luniii, 
to shape, for it would he most dilliculf t(» put tlieiii i 
accurately afterward. ''I''lu'y should fit imtsely, so tlu 
the parts will fall apart of their own weight, but not i 
loose that the pieces can shift sideways. 

Sometimes it is luua'ssary to maki* Ji pattern in thn 
or more parts; on otlier occasions an irregular pnrtiii 
surface must be made in the mould; often the (uitter 
parting line does not coincidi' with that of the sand, In 
these more complicated operations would be beyond ili 
scope of this chapter, and the beginner is advised to stir 
to the easier forms for a while, Meanwliih', the suhjci 
of core prints” and “core bo.xes” reijuires some ni 
tention. 

Many patterns, while varnished or IuusIkhI “bright, 
are seen to have cylindrical or other projei'tions paintc 
black, or if the body of the piece is black,' the prnJ..e(ioii 
are left “bright.” In every instance t hese strange loot 
ing projections are found to occur at points where hole 
or openings or recesses are required in the c'astiug, lun 
one IS mclined to wonder why holes to corr.'spond wer 
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.x*ectly in the pattern itself. In some cases this 
■ne, as, for instance, in the .patterns shown at 
<3. L of Fig. 68, and in the ease of the slots of 
ate in Fig. 62A. It will he noted, however, 
ise holes and slots are shallow; if they were 
of small diameter the draft would have to be 





Pig. 78 


aiotilding pattern with vertical core prints and placing of 
vertical dry sand core 

O'lxlding of parted pattern with horizontal cylindrical core; 
prints, horizontal core 



IK) 


M odd Kiufhivt'rintj 


<‘x<'essm‘ to allow I Ik* paKt'ni lo ho drawn af nil, anti 
agroat:iiia:ii.v rascH it would he iiujioN.sihlc to uso a “"Tt 
sand core” <liio oillior lo fin- huigtli of th,- hut,. ?„■ 
the fact or ihs (XTunviico h.*lo\v Iho [larlin- lino of i,^ 
tern or mould, as in Kig. Sd. In flu-so insfauoo.s “ i 
sand” or moiihh'd and baked eoros tiiitxl Ijo used -i] 
thes(! make nee.-.ssary the omploymoid of “oor.. j.n’nfs 




•t igs. 79 , 80 , 81 - 


-MOluaing th0 pattern of p, Mmmm 
witli openiiig on om Mde ^niy 


Mwm fitigt or niitor 


moulded if a wld^f ..oirf hTfrl ' 

it flows around tins »r;: „ 

casting. The renniny «r +i ^ ” tormed in 

oasting and dug out'ot tto holo “p "f' 
ruy iavo to bo ot tbo same s« aa tho holo to 
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formed in the casting ; they may be of any shape that mil 
draw, but the body of the core, allowing a small amount 
for shrinkage of the metal, must he the exact size and 
shape of the hole or other opening required in the casting. 
If the hole is to be cylindrical, the core body must be 
cylindrical; if a square or rectangular core is used, no 
matter what the shape of the core prints, the casting will 



Fig. 82 — Cross sectional view of finished casting. This should be 
compared with the core shown in Fig. 81 

be made with a square or rectangular hole, and so on. 
Then end or ends of the core must fit closely into the core 
print depressions in the mould, otherwise the molten 
metal might run between and cause the core to shift in 
the mould. Now for an example : 

The face plate as shown in Fig. 62 is being east with- 
out a hole in the center. Suppose that in order to make 
the machine work easier it is decided to have a hole 
“cored” in the casting, but that the hole is too small in 
diameter in proportion to its length, to make feasible the 
use of a “green sand” core like that of Fig. 70 A. Since 
the hole is too small in diameter in proportion to its 
length to do this, what is known as a “vertical” core will 
be used. If the core prints were cylindrical, they would 
be hard to draw, therefore they are tapered or given 
draft. Fig. 66 A shows the pattern in place on the 
moulding board with the top core print, which is merely 
a piece of wood shaped like the frustum of a cone and 
painted black, fastened in place. If the bottom one was 
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similarly fastonod, it would iiilorforo with I ho tiso off],,, 
moulding board, so it is made reiiutvahie. This pio,.,. h 
shown standing in JVoiit of the pattern. Ms lintfunt has'i 
pin which fits into a hoh' in ilie bottom of the tnain pal 
tern. No set rule is iiS(‘d in tapering these \t‘rtieal cuv 
prints; one often iis<>d Idr small ones is to make (he li'iiMli 
equal to the dianadm- of th(> core, large <m.| of .sani,, 
diameter and the small end half the diameter. 

The coie itsoli is moulded in a “core bo\,” \\'iij|.[| 
sometimes is mad(^ in haha's pinned together Ida* a parted 




Figs. 83, 84— Pattern and 
(top) surface resting 
in core box. 


core prints. Pattern wOl be iiiawtciM with Hat 

on-moiading board. Appoaraiww «>f com made 


mrtricll adSi “ -TT . "■ 

half of the boY- only to mnkv 

sidei 1 MW - 

order that (heTo hS^T^nf,- 

ter of fact it is hnn/ii " l<Wdfi(‘r. A.s a mat- 

all for e?tifr 7vee«Jr'"r?' »t 

unless it is of an odd siS for alHoun'l 5*'""''*“^ 

What are known as “standa kuep on hand 

diameters, fron. a quarter-inch 7 nnnitT;" 
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or sixteenths. These are cat to the required length, and 
if a vertical core with tapered ends is required, they 
“rasp” off the end to the right taper. There is no extra 
charge for the use of these standard cores, for the mak- 
ing and baking of special cores is nod then necessary, 
and the pattern maker is thus saved considerable time and 
labor, especially if he is not provided with a “core box 
plane,” and has to shape his core boxes with gouge and 
sandpaper. 

To return to the face plate : This is moulded in pre- 
cisely the same way as before, the loose-bottom core print 
being handled the same way as the corresponding part 
of a parted pattern. Before the mould is closed up for 
pouring, the baked core is set in place in the core print 
depression formed in the drag by the upper print shown 
in Fig. 66A ; then -when the cope is put on, the other core 
print depression fits down over the top of the core, hold- 
ing it firmly in place. This procedure is shown graphi- 
cally in Fig. 77, which represents the successive opera- 
tions of moulding a flange with a vertical core. 

Fig. 78 shows the moulding of a longer flange pattern, 
which is best made parted and moulded horizontally, thus 
requiring a horizontal core. In this case, the core prints 
would be made cylindrical, the same diameter as the core, 
and, of course, parted like the rest of the pattern; in 
making a pattern of this type, the core prints would be 
turned up as an integral part of the pattern. A good 
rule for small core prints of this kind is to make the 
length equal to the diameter. The core is made similar 
to the vertical one, either in one piece or moulded in a 
half core box and the halves pasted together. In Fig. 
69, F, is a half box for a cylindrical horizontal core. 
Although such a core box is easier to make than the kind 
shown in Fig. 66A, the amateur is advised to allow the 
use of the standard cores at the foundry whenever pos- 
sible. 
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Photographs 66A and 67B illustrate the moulding 
of a typical parted pattern with horizontal cylindrical 
•core prints. The complete pattern is sho’v\'n in Fig. (ifiB, 
and to the right of it is a easting which was made' f rom 
it. Note the hole through the easting. Standing up- 
right behind the pattern is the eoia^ In Fig. ()7A the 



Fig. 85 — Plan- and end view of half core "box 


11-, til mod 


cope has been lifted, the half patterm ^\'ii:ll 
over and the pattern drawn. Note that tlio mvo. prints 
on this piece have left two semi-cylindrical depr(>ssions 
in the sand. At 67B the other half of the. pattern Iras Ixa-n 
removed .-also, leaving a half mould in the drag .and tv'o 
semi-eylindrieal core print depressions into whicli tln^ 
cylindrical baked core has been placed. Tliis doin', -tlm 
cope wiU be replaced and the mould will be ready thii' 
pouring.^ The easting shown upon the corner ot:‘ the' drag 
m Fig. 6/B IS not,.of course, supposed to have Ixnm taken 
rom the mould; it was placed there merely to give) an- 
other view of the one of Fig. 66B. 

Sometimes a number of holes, vertical, horizontal, oi- 

openings of various shapes ar<' 
cored^mto the same casting; core boxes are oftmi ex- 

castings are frequenth’ 
Tort I? being made up o'l' 

oX /I T one side 

cale’shol in T 1 / or meter 

he vertical core rests upright in the depression formed 
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by it, the core, of course, being a “dry sand” one made 
in a special core box. The core in the picture is short 
and thick, and is easily supported in this way, but if it 
had to be placed horizontally or if it had been long and 
thin, the inner end would have had to have been held 
in place by one or more short inner cores and the holes 
formed in the casting plugged up later. The water 
jacketed cylinder of a gas engine would be illustrative 
of such a case. Space will not permit the discussion of 
such complicated cores and core boxes, which would 
prove troublesome for the amateur in any event, so only 
a few of the simpler types are shown in the photographs. 
Fig. 69 shows the two halves of a pattern similar to that 



Pig. 86 — ^Appearance of casting showing cored hole 


of Pig. 66B, except that two sets of core prints, large 
and small, are used at P, P. No core boxes are shown, 
for standard cores were employed at the foundry. B 
and D, Fig. 69, are instances where both vertical and 
horizontal core prints occur in the same pattern ; X de- 
notes the vertical print. At C is -a more complicated 
core box which goes with the pattern shown at Fig. 
62B, and half of which may also be seen at H, Fig. 69. 
The method of moulding this pattern would be exactly 
the same as the operations shown in moulding the meter 
ease. Pigs. 79, 80, 81 ; the core box is more complicated 
because the interior of the casting must contain ribs and 
bosses. The diSc-like core print may be seen on the face 
of the pattern at H. The outside of this core box was 
made round merely for convenience, and as far as the 
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molding is concerned, could just as well have been square 
The inside shape of the box is all that should be; consid 
ered from the molding standpoint, for here the eoi'o i 
formed, and when it is placed upright in the mold (ii 
this ease) the hot metal surrounds it and leaves an open 
ing in the easting the same shape as the core. 

Another tjq)e of core can be considered; one whiel 
has to be placed below the parting line of the mole 
and which may be either horizontal or inclined. Fig, 
68, J, and Figs. 83, 84, 85, 86 illustrate such a (iasc, 
This m a one-piece pattern which will be molded witli its 
flat side resting upon the board; therefore the parting 
Ime of the mold would come even with this side. The 
part of the easting that is to have the horizontal hole 
through it vdll be dovm in the drag, and it is obvious 
that if regular horizontal cylindrical core prints wert^ 
used the pattern could not be drawn, for tluvn the cor<; 
print projections would tear up the sand. In a case of 
this kind, therefore, the core prints must extend up to 
the top of the mold so that the pattern may he removed 
therefrom. They may be given aiiy convenient shap<^ as 
long as they viU draw; for instance, in this pattern th(>y 

tni Ti ^o^er part and extend up evem 

th the top and, therefore, even with the parting line 

mnsriTof t^^^ m P^^^i^usly stated, 

throLh tT ^ required hole 

, eastmg. A core of this kind always requiivs 

e used, for the two end portions which fit into the core 

bX “molded and baked with the 

s case, a half core box may be used- such a 
one IS shown at G, Fig 69 and iri ^ ^uch a 

halt cores ovould then not fit toTetht"?ig‘°8 
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how the easting would look; note that the core print pro- 
jections never appear on the casting; their function is 
only to form- a support for the core in the mold. 

Space will not permit a further discussion of cores 
and core boxes, for they occur in an endless variety, and 
every one would require a special description, but the 
foregoing should give the reader an idea of the princi- 
ples involved. Therefore we will proceed to explain a 
few small but important details such as “fillets,” “loose 
pieces,” and allowance for shrinkage and machine work. 



Fig, 87 — The dotted lines indicate a fiUet with too great a radius in 
proportion to the thickness of the pattern 

A sharp corner should never be made on a pattern, 
whether it be curved or straight, but should be rounded 
off; and internal corners should be filled in by a curved 
portion called a “fillet.” An exception to this rule would 
occur in the ease of such corners as were formed upon 
that side of the pattern which would rest upon the mold- 
ing board, as the top edge of the flange shown in Fig. 
€2A. Such a corner could not be rounded to any ex- 
tent without interfering with the drawing of the pattern. 
A sharp corner always means a weak place in the cast- 
ing, for strains are set up in the metal as it cools and 
are sometimes sufficient to cause a fracture, whereas a 
rounded corner, or one containing a fillet, causes a more 
uniform cooling stress in the casting. When cutting a 
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pattern ont of a single piece of wood, the fillets can gen- 
erally be worked ont from the solid, but if built up of 
separate pieces, sharp corners are usually formed and 
must be filled by a small strip of wood glued in and 
rounded ivith gouge and sandpaper after the glue is dry. 
This is illustrated in Fig. 87, Avhieh shoAvs a triangular 
piece of AA'ood Arith brads for temporarily holding it in 
place until the glue dries, after Avhich the brads are 
draAvm and the corner rounded. Strips of leather may 
be used for fillets instead of Avood, especially in fitting- 
rounded corners where ivood fillets would be difficult to 
fit. They are fastened and shaped the same way as tlui 
wooden ones. BeesAA^ax is sometimes used, the wax being 
softened and worked into the corner, but such AAmi-k is 
not very permanent. A fillet should not be too thick in 
proportion to the thickness of the pattern, as in the 
dotted line of Fig. 87 ; this would be as bad as none at 
all, for the excess of metal in the corner would causcA 
strains to loe set up as the metal cooled. 


•‘Loose pieces” are small parts of a pattern Avhicli 
piojeet in such a way that if permanently fastened in 
place AAOuld not allow the patteim to be drawn from the 
mold. Instences of this are noted in Fig. 68, one being 
the lathe side M, which has a boss X on one side of the 
post; and the projection on the lower end of the base of 
the toilo-R' rest F. These parts are made separately and 

^ ^ molding, the sand ’ 

n rannned doAA-n over the pattern until part of the loose 

pt.te _ifc coAered; then the pm is removed, leaving the 

n tlw molrf " f removed, the loose piece stays 

the lLd Tb^t^^^ breaking up 


fci'' 
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5 irr!Uit!,'('ni(‘nts lor loos(^ i)i(‘('(>s, thc^ simple method of 
lioldiii,!^’ l)y a. i)iH is pto-n'ctly sutisfaetory for small pat- 
terns. 

flvery UH'ial shrinks i,o some extent upon cooling 
from a moldm state, ’’fin' amount of shrinkag('. depends 
oil th(' siz(^ and sliais' of tin' piece as well as the co- 
{'flicimit of (‘xpansion of tin' mtdal. For cast iron, the 
slirinkag<‘ allowance is gimerally om'.-eighth of an inch 
to the foot; this m(>ans that if a c.asting was recpiired to 
he one foot long tlu' jiattiMm would have to be made 
twelve and one-eighth inch(‘S long, for the casting would 
shrink oiu'a'ighth of an inch in its length while cooling. 
But for most of tin' small pattm-ns such as the amateur 
would huihl, unh'ss V(‘ry nccurni<^ castings wmre required, 
the shrinkage could h(' negU'cted. 

Those [)arts of a pattern which correspond to the 
poi-tions of tlu^ <-asting which an^ to be machine linished 
must Iks mad<s thick enough to allow' foi- tins material re- 
mov(Kl from the surfaci' of this casting whihs turning, 
boring or planing it. Usually about oius-eighth of an inch 
has to b(s tnk<m olT iti order to g<st down through the sur- 
fac<s scale and give a smooth linish to the work. For in- 
stances, tins top face, rim and low'er fac,<s of hub of a cast- 
ing of th(‘ face plahs shown in Fig. ()2A, Avoidd have to 
Iks turmsd olT in the latlus and so the pattei-n wnsidd have 
to Iks mndis one ((uarter of an inch greater in diameter 
than tins liiuslusd siws, the faces one-eighth inch thicker 
and tins Ind) on(‘-eighth longfsr to allow for tins machine 
work on the casting. If a hole was bonsd through the 
cisnter, allowance would have to be made for resmoving 
at least om- nighth of an inch of metal from the sides of 
the hohs while Iioring out, and more if there was a chance 
of the cored hole being crooked. 
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ELECTEO-PLATIi^G 

Explanation of the process — ^Description of a small plating outfit — Solu- 
tions used for the electro-deposition of copper, silver and nickel — 
Cleansing solutions for various metals — Polishing and finishing work. 

Tlie average amateur mechanic seems inclined to i-o- 
gard electro-plating as a very complicated and difficult 
process, involving tlie use of costly materials and appa- 
ratus. This is not the ease, however, as the successful 
electro-deposition of copper, nickel and silver is a com- 
paratively simple process, the practice of which easily 
comes within the resources and ability of the amateur’. 
An electro-plating outfit should be included in the e(^uip- 
ment of every workshop, and it is the purpose of the 
author to describe in the following lines the construction 
and manipulation of a small but practical outfit, which, 
will enable the mechanic to properly plate and finish his 
maciune or mstrument parts. 

it is not the purpose of the author to give a 
lengthy treatise on the theory of electro-deposition, a 
oriet outhne of the fundamental principles involved will 
le given, as an elementary understanding of the theory 
ot any process or operation about to be performed in- 

S. """" """ advantageous in actual 

Pure water is a very poor conductor of the electric 
cUorTde) dissdvediuT 

two electrodes io such a solution and pass a cLrTtTe! 
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tween them, it will tend to decompose the table salt into 
its constituent elements, i.e., sodium and chlorine. The 
atoms of sodium will accumulate at the negative elec- 



Fig. 88 — A glass storage battery jar used as an electro-plating vat 


trode or cathode and the chlorine will lie attracted by 
the positive electrode or anode. 

This is exactly what happens in the process of electro- 
plating. For an illustration, we wiU assume that we are 
plating with nickel. In place of the sodium chloride, 
nickel-ammonium sulphate would be dissolved in the 
water, and upon passing an electric current through such 
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a solution we would find that the negative electrode 
would soon become covered with a thin deposit of metal- 
lic nickel owing to the decomposing action of the cur- 
rent. If we take the negative electrode out and substi- 
tute it with articles to be plated, we will find that the 
articles will undergo the same process and a deposit of 
nickel will form on them. If we wish to plate with cop- 
per, copper sulphate should be substituted for the nickel- 
ammonium sulphate, etc. 

In many eases, where there are but a few small arti- 
cles to be electro-plated, a small vat may be used with 
entire success and the results will be found to be just as 
good as those attainable by means of larger vats and 
more costly apparatus. For general workshop use, the 
outfit described in the following lines will be found to be 
both practical and serviceable. 


The vat proper should be a square earthenware or 
glass jar with dimensions not smaller than 8 inches 
square and 10 inches deep. A glass storage battery jar 
of the proper size is very suitable. The top of the vat 
should be equipped with three % 2 -inch brass rods, as 
shown m Fig. 88. One end of each rod should be threaded 
to receive ^32 machine nuts. Two of the rods are to be 
used to hold the electrodes, and the articles to be plated 
are suspended fmm the third one. On account of the 
nece^an ot varjung the distance between the electrodes 
or ^fferent classes of wmrk, it will not be found desira- 

rnlk IT arrangemeat to hold tho 

aith thp pWt heavy enoagli, -when equipped 

placed to “ “S' a® 


metol'tliatTT “I be of the same 

metal that is to be deposited. Thus, if we desire to on-n 

1 be found necessary to construct three 
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sets of electrodes for use A\T.th. tlie vat ; one set of copper, 
one of nickel, and one of silver. Owing to the greater 
expense of silver, the electrodes of this metal are made 
much smaller than those of nickel and copper, and on 
this account it will he found necessary to plate one arti- 
cle at a time when depositing silver. As the silver plat- 
ing solution is equally expensive, the amount prepared 
should only equal one-third that of the copper or nickel 
solutions, and the silver electrodes should be suspended 
into the solution hy means of longer strips than those 



Pig. 89 — An electro-plating dynamo 


used on the other electrodes so they will he completely 
immersed. The dimensions of the various electrodes 
and the method of suspending them from the brass rods 
are plainly shown in the sketch. ^ 

"While three Bunsen cells connected in series will he 
found to produce sufficient current to successfully oper- 
ate the vat described above, the use of a small 8-ampere, 
10-volt dynamo of the shunt-wound variety is to be rec- 
ommended on account of the steady and unvarying cur- 
rent it is capable of generating. It is utterly impossible 
to use dry ceUs, as they polarize too rapidly for ot 

this nature. A small rheostat should be mcluded m the 
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outfit, as it is often necessary that the current l)e proper] 
proportioned for the work required from it. 

Successful electro-plating depends, to a great extcii 
upon the chemical purity of the solutions, and only tl 
purest substances should be used in their preparatioi 
If it is impossible to obtain pure distilled water, 11 
next best substitute is rain water. 

Solution for Copper Plating. — First, make a saturate 
solution of copper sulphate (blue vitriol) by dissolvin 
the crystals in a gallon of pure water until it is foun 
that the crystals will no longer dissolve. The sohitio 
is then said to be “saturated.” To this preparation ad 
about a half teacup of chemically pui-e sulphuric acdi 
care being taken that the acid is poured in a small, ^gtn 
tie stream. After filtering through blotting papeir, th 
solution is ready to be used or stored away in flasks lu: 
til it is desired to use it. 

Solution for Nickel Plating. — I)issolv(^ one pound o 
nickel-ammonium sulphate in one gallon of water, dl 
this add about 2 tablespoonfuls of pure sulphuric a<*i(i 
The preparation is then filtered, aft(vr which it is read; 
for use. After this solution is used fqr some time as i 
bath, it is advisable to test it with litmus paper to a.»eov 
tain whether it is acid or alkaline, as there is a tenchuu'; 
for ammonium (NH4) to form, which remhirs the hafi 
alkaline. In this case, sulphuric acid should again lx 
added until the bath is just acid. 

Solution for Silver Plating. — Obtain two ounc(\s o 
silver nitrate from a chemical supply house and dissolv( 
it m two quarts of pure warm water. To this add a ho 
lution of cyanide of potassium (a deadly poison), whicl 
wiU cause the silver to precipitate as ci-ystals of silvei 
cyanide. Immediately discontinue adding the potassinn 
cyanide after it is found that all the silver has preeipi’ 
tated. The whole solution is then filtered through blot, 
ting paper to recover the crystals of silver cyanide 
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formed. The filtrate may then be disposed of, as it is 
of no further use. Now place the silver cyanide crystals 
in a vessel containing about one and one-half quarts of 
pure water and to this add potassium cyanide, stirring 
the solution at the same time until all the silver cyanide 
crystals have dissolved. We then have a standard so- 
lution of the double cyanide of silver which is used in 



rig. 90 — Copper and silver electrodes for the electro-plating vat 


silver-plating. The solution may be kept in a clean, stop- 
pered bottle until it is used. 

Cleansing Solutions. — One of the most important 
operations in the process of electro-plating is that of 
properly preparing the surface of the articles to receive 
the deposit. The smallest speck of foreign matter upon 
the surface of the article to be plated is sufficient to 
cause the deposit to peel off. Many times the mere 
touching of the surface with the fingers so contaminates 
the object that it becomes impossible to electro-plate it 
successfully without again putting it through the cleans- 
ing process. 

It is, of course, understood that the surfaces of the 
article to be plated should first be rendered sufficiently 
smooth by a mechanical process, if it' is not already so. 
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In the case of the aniatt'**'''' Ihis I'au usually la- a('('oiu- 
plished by polishing the surfaH' wilh lin<' .uiau-y cloth. 

After the surface is nu'cliaiiically lu’oparccl, it then 
becomes necessary to rtuulcr it chemically clean Ix'l'oni 
it is immersed in the plating hath. As if is inipossihle 
to prepare one cleansing" nr |)ickling' l)alh that will he 
suited for all metals, it will b<^ found necessary to mix 
several different pickles, lor each (lifl(‘rent nu'tal. 

Before the articles ar(^ innui'rsc'd in (lie [lickle, they 
should be dipped in ehuiu wal<‘r, and after (Inw are 



Fig. 91 — Diagram of coimoctions for the plating outfit 


brought out of the pickle tlx'y should jigain })<> t horoughly 
rinsed in clean, running wjiler Imfore they fire tinally 
placed in the plating bath. Tlie jiriicles should be dipped 
in the pickle by means of a copper winu 

PicMe for Copper, Brass and Oermmi, Stiver . — One 
hundred parts of sulphuric aidd, bO parts of nitric judd 
' and 1 part of table salt. Pticmit the preparation to stand 
one day before using. Use 100 parts of water and 10 
parts of sulphuric acid for zinc. 

Pickle for Iron and Steel-~Qi\a part sulphuric add. 
15 parts water, 1/2 part nitric acid. It is advisable to 
add a few pieces of zinc to ssucli a solution. 

en using the acid dips, especially in the case of 
copper an rass, care should be taken tliat the metal is 

-itm pickle, as the acids act quickly 

pi e surface if permitted to act long enougli. 
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The proper method is to alternately dip the articles in 
water and then in the pickle until the surface appears 
bright and clean. 

If it is desired to plate a brass article that has already 
a fine polish upon its surface, the acid cleansing bath 
should not be used, owing to its tendency to destroy the 
polish. A dip composed of 1 part of potassium cyanide 
to 10 parts of water may be substituted for the acid dip 
in this case. It will be found necessary to leave the 
brass much longer in this than in the acid pickle. 



Fig. 92^ — simple polisliing wheel arranged on a small hand grinder 


Hints . — When plating objects that have large pro- 
jections, the electrodes of the vat should be placed as far 
apart as possible, otherwise an unequal deposit will re- 
sult owing to the great current density at the projections 
where the resistance of the bath is least. 

In electro-plating, care should be taken that the de- 
posit does not form too rapidly, as plating of this nature 
invariably proves to have poor adhesive qualities and 
soon peels off. Equally wrong is the practice of per- 
mitting the deposit to form too slowly. The current 
should be regulated by means of the rheostat, until the 
deposit formed is flesh-pink in the case of copper, and 
milky white in the case of silver and nickel. If the cur- 
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rent is not of the proper proportion, the deposit has a 
noticeable tendency to become dark in color. 

If the plating solutions are not in use, they should l)e 
kept in stoppered vessels, otherwise they will become 
contaminated with foreign matter from the atmosphere. 

The articles should be dipped in the pickle on a cop- 
per wire, bent in the form of a hook, and, immediately 
after cleaning, the articles should be placed in the plat- 
ing vat by hanging the copper wire or hook on the cen- 
tral brass rod. 

The fact that the amount of current passing through 
the bath is dependent upon the proximity and size of the 
electrodes should be kept in mind. If a single small arti- 
cle is being plated, it is necessary to move the electrodes 
closer together in order to reduce resistance and permit 
sufficient current to pass owing to the small surface of 
the negative electrode which is formed by the article to 
receive the plating. 

Polishing and, Finishing . — ^After the articles are taken 
from the plating vat, they should be washed in hot wat(vr 
and dried in a box of sawdust. They are then ready to 
receive the final polishing, which may be done on a small 
grinding head equipped with a buffing wheel. If the 
mechanic is not fortunate enough to have one of these in 
his workshop equipment, a good substitute will be found 
in a bench grinder, which may be fitted with a polishing 
wheel, as shown in Fig. 92. The polishing wheel is made 
by cutting out about twenty 7-inch circles from thin can- 
vas and clamping them between two wooden discs as 
shown. The purpose of the wooden discs is to hold the 
canvas circles in place under the pressure of polishing. 
With a helper to turn the grinder and a little rouge on 
the buffing wheel, very good polishing can be done. 



CHAPTEE IX 


A MODEL SLIDE CRA3TK STEAM ENGINE 

Description of the engine — Procedure in machining and finishing the 

various parts. 

TMs model represents what is probably the acme of 
simplicity in steam engine construction. It ranks favor- 
ably with the old type oscillating cylinder machines in 
this particular, although it is admittedly superior in 
point of mechanical efficiency and design. The entire 
absence of cross Iiead and usual connecting rod, with 
their attendant difficulties from the builder ’s standpoint, 
leaves nothing to be desired. 

The principle of operation may not be clear at first 
glance at the drawing. A rather comprehensive ex- 
planation will, therefore, be given. The motion of the 
X)iston rod is imparted to the slide crank or cross piece 
which travels up and down. Sliding within the hollowed 
out cross piece is a short cylinder which engages a pin 
on the crank disc attached to the shaft. The pin passes 
through the opening which runs the length of the cross 
piece. 

As the piston rod moves up and down, it causes the 
crank pin to describe a circle, the cylinder engaging the 
pin sliding from one end of the cross piece to the other. 

The steam ports are covered with a slide valve of the 
usual type and in all other respects the little engine 
represents standard model design. 

The cylinder casting is best held in a three jaw uni- 
versal chuck for boring and facing one end. It is then 
reversed in the chuck with the faced-off end backing up 
against the chuck face to insure that the end to be faced 
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will be truly parallel with, the finished one. The valve 
seat is next to be considered, and the best way to ma- 
chine this is to mount the bored and faced easting upon 
an angle plate, taking the necessary cut off the valve 
seat. If no angle plate is available, the facing may pos- 
sibly be done with a file providing the worker is suffi- 
ciently expert in the use of this tool. A plane surface 



■ j 

Fig. 93 — The slide-crank engine 


is best produced by drawing the casting across the face 
of a large, fine file, rather than by attempting to run the 
file across the casting. 

The cylinder heads may next be machined by holding 
the casting in the chuck by means of a chucking piece 
left for the purpose. Before removing the easting from 
the chuck, it is well to scribe the circle around which the 
holes for the cylinder head screws are to be drilled. By 
doing this in the chuck with a pointed tool, the layout 
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will 1)6 p6i f 6ctly coincident with the bore of the cylinder. 
It is afterward a simple matter to lay off and prick 
punch the locations for the six holes in each cylinder 
head. The hole for the piston rod and packing gland 
is, of course, to be drilled in the lower cylinder head 
casting before taking the latter from the chuck. 

When laying out the holes for the supporting colunms 
at either side of the engine, it is well to clamp the base 
plate and lower cylinder head together and to drill holes 
through both at one operation. This will insure perfect 
alignment. The columns are, as will be noted from the 



Fig. 94 — The complete set of castings for the slide-crank engine 


drawing, lengths of cold rolled steel rod shouldered down 
and threaded at either end. 

The hole in the center of the base plate may be spotted 
while the castings are still clamped together. It is, of 
coxrrse, quite essential that these holes line up perfectly 
to insure smooth running without undue friction. 

The machine work on piston, slide valve, and eccen- 
tric is so obvious as to require no special explanation. 
The cross slide may require a word or two, however. 
The easting is made with the cross member solid, and 
it should be drilled % inch for the sliding cylinder ivhile 
held in the chuck. The easting may then be turned 90 
degrees with the chuck jaws gripping the smaller pro- 
jection w^hile the tailstoek center engages a center hole 
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in the longer end. A steady, smooth cut is then taken 
along this longer projection, turning it down to a fin- 
ished diameter of %6 inch. Reversing the casting again, 
and using a sleeve to protect the now finished longer 
portion from injury by the chuck jaws, the smaller end 
may be drilled and tapped for the piston rod. Remov- 
ing the casting, the builder may then proceed to file away 
the side of the cross member so that the slide crank pin 
may enter to link the sliding cylinder with the crank disc. 

The bearing standards may next be drilled for the 
shaft with a drill a shade under %6 inch and holes placed 
in the feet. After cleaning up the under side with a file 
to make it square with the perpendicular, the bearings 
may be mounted on the base plate, great care being taken 
to see that the holes for the shaft line up perfectly with 
a line scribed the length of the base plate and passing 
exactly through its center. This is easily done by pass- 
ing a short piece of rod through the holes and in this 
manner sighting for alignment. When the holding down 
screws have been inserted, a %6 inch reamer may be 
passed through both standards, clearing out the bear- 
ings and making absolutely certain that they line up 
perfectly. 

The turning of the flywheel finishes the machine work 
when the engine may be assembled. 



CHAPTEE X 


A MODEL TWIEi-CYLIN'DEK El^TGOTE 

Description of the type of the engine— Machining the cylinder caatin^ 
crankcase, valve chest, crankshaft and valve mechanism — Einiahinf^ 
the engine. ^ 


The model described below resembles the Westiiio'. 
bouse liigh speed stationary steam engines used in driv- 
ing electric generators for lighting circuits. It is simple 
in design, serviceable in operation and presents no great 
difficidties in construction. 


This engme, ivlien constraeled from a set of magna- 
I.te castmgs, makes a woaderfni power plant for a model 



Fig. 96— The twin-cylinder engine 


boat of from three to i 

siderable speed and power It ^ delivers con- 

a reliable and consistent rnnner^hiJ ° 

vantage. ^^ich is a valuable ad- 

’^ding up a set of these castings, the first thing 
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to do is to study the blue print so that the general ap- 
pearance of the engine will become familiar. 

Cylinder Castings . — The crankcase end with the six 
lugs or projections is first filed flat and true. If a small 



Fig. 97 — Main castings for the twin-cylinder engine 


lap grinder is available, this job can be done accurately 
and quickly on such a machine. Otherwise, the model 
maker will have to resort to filing. After this operation, 
the cylinder casting can be mounted on the face plate 
and the upward portion faced off. The casting will now 



Fig. 98 — The completed crankshaft for the engine, with flywheel, pistons 
and eccentric mounted in place 


have to be taken off the face plate so that the center 
lines can be scribed off for the centers of the cylinder 
bore. This is best done by filling in the cored hole with 
cardboard and marking the centers with a lead pencil. 
The casting must now be mounted on the face plate again' 
and the center marks on the cardboard lined up with the 
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back center of the latbe. When this is done, the card- 
board filling can be taken out and the boring of the cylin- 
ders started. After finishing this, proceed in the same 
way to bore the other cylinder, after which both should 
be lapped out perfectly smooth. This is very essential 



Tig. 99 — Top view of the engine showing the steam chest uncovered 

for a perfect running engine and for the development 
of maximum power. 

Cranlccase . — ^File the crankcase flat so that it makes 
a perfect joint with the cylinder casting. This job can 
also be performed on a lap grinder with success. Holes 



Fig. lOO-Complete set of patterns for the twin-cylinder engine 

are driUed and tapped and then both members are 
screwed togeaer. The crankshaft bearings are best 
drmed hj usmg the back center punch marks at each 
end, drilling first one side and then the other. A No. 1 
dr^ should be used and then the hole carefully reamed 
out with, a standard ^^-inch. roani6r. 


v/ Moticl T'a'iii-C/iliiKlcr Ktu/liiv l 

I'^z/rr ('hrsl. I’liis casiini;’ is lilcil or .i^’round flat to 
make a [ho'IVcI joinl willi (la* (op of (|n> cylindor (‘astiii.a;. 
Nci't'ssa r\' liolos aro (li'i!l('(| and lapptsl and itu' (*nd 
sloilcd lor (lio Ih‘ 11 (■l•ald<. 'I'iio boll crank is (In* incdiuin 
between lli(‘ eeeetili'ic ainl (in' \'alve sleni. d’lit' insider 
(»!' (lie sleani (diesi can be milled out if a inillin.y,’ rnacdiiiu* 
is available. Olberwisi*, one miisl resort to the old nw 
liable lile and scraper, d’be valv<‘ stem passes thi'()n,si;li 
one end of (be chest which h.as hi'cn drilhal and tiitx'd 



Pig, 1(11 Th«i tTuiikcuiw <)1' the ouKino alter beinK niachlnod 

with (he usual parkin, ii; nut. d'he valvi* idlest covrr is 
inendy a piece id' > iiitdi idute and screwed on tlu' fop 
of the valve idlest. 'I'his [dntr has n hole drilhal and 
tapped to take tin* steam jupe from (he boiler. 

Pisl<))is. Tliese are put ill the lathe and turned to a 
siiUM* fit in the cylinders. It is understood that the pis- 
tons must work freely. 'I'he pistons have “V” f'-roovi's 
turned ill them wiiich act as water rinj^s. Kor extreme 
Ilia’ll pressure, piston rina's of steel must hi* litted. HoI(‘s 
an* drilled in the pistons to take (he wrist pin 

for the connectin,a rods. 
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Crankshaft . — This can be made out of a solid piece, 
but the designer of this engine has had some experience 
with built-up crankshafts and can heartily recommend 
them. In fact, he prefers them, knowing of one instance 
where a built-up crankshaft has stood the test of running 
from 10,000 to 12,000 E.P.M. without breaking. Make a 
jig for the crank webs. Drill and ream these standard % 
inch, and then procure some oversize drill rod (about 253 
thousandths) and drive this through the crank webs. 
Then pin and braze the joints, after which the portion of 
the shaft that is between the web can be sawed out and 
the crankshaft cleaned and hied up smooth. This pro- 
duces a very strong and rigid crankshaft with a rninimum 
of trouble. 

Both types of crankshaft are shown in the drawing 
so that the builder can make either one. While the solid 
shaft is more durable, it is much more difficult to make 
than the built-up type. 

Valve Mechanism . — The drawing shows two different 
methods of making the valve mechanism. One is a lathe 
job, and the other can be made with ordinary tools. Both 
methods are good; the only thing in favor of one is its 
ease of construction, and this can easily be seen fi’om 
drawing. 

The only thing left to be done now is the putting on 
of the lagging, setting the valve and testing the engine. 
As for finish, a nice maroon enamel well baked on in an 
oven and then left to stand a couple of days to harden, 
pves a splendid appearance. The flywheel of the engine 
IS merely a simple lathe job. 



CHAPTER XI 


A SII^GLE-CYLmDER El^GINE 

General procedure in machining the engine parts, employing the most 
practical methods — ^Finishing the engine. 

This particular design of engine is really the fore- 
runner of the “Speedy” class of engines, havtag been 
built before the slide crank engine was designed. The 
engine has proven its worth on several occasions. 

In the finishing of a set of these engine eastings, the 
first thing to take in hand would he the cylinder casting. 
This can very easily be held in a 3-jawed chuck and 
bored out with a boring tool % inch diameter. After 
the boring is completed, the cylinder should be faced off 
before the easting is taken out of the chuck. This in- 
sures the bore and the bottom of the cylinder being ab- 
solutely square with one another. Now the casting can 
be taken out of the chuck and turned around, using a 
packing piece behind the cylinder and against the chuck 
face to get both ends parallel. The next operation is to 
drill and tap the six holes for the cylinder head and base. 
If the builder is in possession of an angle plate that can 
be bolted to the face plate of his lathe, the cylinder can 
be mounted so that he can face off the valve seat of the 
cylinder. Otherwise he wiU resort to the more tedious 
process of file and straight edge. In drilling the steam- 
chest parts)- they must first be laid put (with a scribe) 
very accurately and then drilled with a hand drill to the 
depth shown on the drawing. The two steam ports are 
then drilled from their respective ends to meet the end 
ports drilled in valve face and the exhaust port is drilled 
to meet the center port. Care must be taken when drill- 
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ing the ports that the drill does not break tliroTigli from 
one port to another. 

The steam chest can now be fitted to the valve face 
after being filed or ground flat and true on both sides. A 
good method is to lay out the holes on the steam-chest 
casting and drill same and then use it as a jig for the 
holes to be drilled in the cylinder and also Tor the holes 



Pig. 103— The upright englae assembled, ready to run 

in the steam-chest corner. The various parts can now be 
screwed together, but not permanently. 

This has’etaeSo'’^® ™ 

arSZfsTo Tt 7 . r; the stand 

SS? This wuf ““f tor the cross- 

^ ■ This will save a lot of work afterward ■ro-’hon 

the cross head guide is fitted An i. i ^ 
laid out and dviuT “tted. All holes should now be 
died as per drawing and then fitted to the 
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cylinder. Now turn np the piston and make the piston 
rod with the cross head, fit the cross-head guide to cylin- 
der base. Assemble all together and see that they work 
free. Do not forget to put the packing nut on the piston 
rod before screwing on the cross head. The slide-valve 
drawing is in detail and really needs no explanation. The 



rig. 104A— D&taUs of the upright engine 


eccentric casting will also be found to have chucking 
pieces cast on. First, put it in the chucks so that the %- 
inch diameter can be turned, then take the offset and 
put in the chuck, center same and drill it mth a %6-ineh 
drill. You will find that the throw of the eccentric will 
be just right. The eccentric strap is then very easily 
made. 
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5 Of the upright engine 
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The four %6-incli steel standards are turned up at 
each end and threaded %o, as per drawing. 

In building the crankshaft, the crank disc is first 
ground fiat, then drilled in the center for a driving fit 
for the %6-inch shaft. After shaft has been driven in, 
it must be pinned and soldered to prevent it coming 
loose when running at high speed. Now the hole can be 
drilled and tapped for the shoulder screw which acts as 
the crankpin. 

The engine base must first be ground or filed flat on 
the top and bottom. In laying out the holes, care must 
be taken that the upright standard holes match those 
on the cylinder base. If the builder would make himself 
a jig, he could use same for both the base and cylinder 
bottom, thus insuring absolute alignment of the four 
standards. 

The holes for the crankshaft bearings are then drilled 
and tapped and the bearings fitted and drilled for the 
crankshaft. The flywheel needs no explanation, being 
a very simple lathe job. 

If, in assembling the engine, the cylinder and its vari- 
ous parts, the engine base with the standards, crankshaft 
and eccentric are considered separate units, the builder 
will find that if he has these two units working properly 
it will be a very simple matter to put the cylinder unit 
on the four standards and connect up his valve motion 
and connecting rod. Now lag the cylinder with some Eus- 
sian iron and enamel the cast parts red or green. The 
contrast between the enamel and the polished steel parts 
will make a very good looking model marine engine. 


CHAPTER XII 


A MODEL TWm-CYLHSrDER MAEmE EKOINE 


Description of the engine and various parts Lathe and 
necessary in finishing the engine — Making a built-up 
the engine. 


machine worl 
crankshaft fo; 


The heautifully executed model pictured and described 
in this chapter was built by the famous London model 
engineering firm of Whitney in City Road. The model 
is of brass throughout. Possibly for flash boiler steam, 
and that is admittedly the best for the purpose, it might 
be well to specify cast iron for the cylinders and pistons. 
It is said that brass or gunmetal will pit and otherwise 
cause trouble i^dth very highly superheated steam. Ac- 
cordingly, it is the prerogative of the builder to decide 
which material to use. He has but to weigh the ease of 
construction of brass with the superior operating quali- 
ties of east iron. 

Wliile this model is not recommended as a project for 
the dabbler or the rank amateur in mechanics, its con- 
struction is delightfully simple for the worker who is 
possessed of a lathe and who loiows how to nse it. A 
screw cutting lathe is not essential as all of the work 
can be done with a small speed lathe fitted with a slide 
rest. Of course, the heavier the lathe, within limits, the 
easier the job and the better the workmanship. How- 
ever, the advanced model maker who is capable of using 
his head to overcome difficulties heed not hesitate to 
undertake the construction on even a small bench lathe. 

The illustrations cover every detail of the engine, 
the -working drawing being supplemented with photo- 
graphs of the part of the machine ready for assembly. 

1S2 
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It is assumed that the worker who attempts the con- 
struction will he sufficiently familiar with lathe practice 
to be able to work directly from the drawings without 
detailed instruction. 

The one really difficult pattern is that for the stand- 
ards supporting the cylinders which are east en bloc. 



Fig. 105 — The twin-cylinder marine engine as it looks when finished 


The dividing line is, of course, that through the stiffen- 
ing web. A core is scarcely justified in the tunnel for the 
cross-head. The extra weight of metal, particularly if 
cast iron is used throughout, is not sufficient to warrant 
the extra trouble. Besides, it is practically as easy to 
drill through the cylindrical portion, following with the 
boring tool, as it is to get beneath the glass-hard scale- 
left on the casting where the core has been. 
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The bed-plate, cylinders, flywheel, eccentrics and 
straps, hearing caps, steam chests, and the few pipe fit- 
tings which are not standard, constitute the bulk of the 



other pattern work. The pistons, connecting rods, crank- 
nf ^ about as easily worked out 

the ornt f""? Z exception is 

SLp of a nuisance to ma- 

nf J' cross-head is a difficult piece 

It irs^lTi"' '' -"d even then 

s still a nmsance. Any worker who has tried to worry 

out a slot of this kind will appreciate the truth of the 




\/alvlT?od 



Fig. 107 — Details of the twin-cylinder marine engine 





156 


Model Engineering 


statement. With good foundry work, the hole may be 
cored \\dth more than fair success. Under such circum- 
stances, the little pattern is certainly worth making. 

The bed plate is a light easting that may be machined 
in one of several ways. Obviously, the professional 
method would be in a shaper, planer, or milling machine ; 
but how many model makers can boast of one of tlie trio ? 
Next in order comes a straight facing job on tlie face 
plate of the lathe. The bed plate easting can be secured 
readily to a wooden face plate screwed to the iron one. 
Centering the job by means of scribed diagonals enables 
the worker to center, and consequently balance, the cast- 
ing on the face plate. 

It is best to face off the under side first, then revers- 
ing the casting and facing off the upper side to which the 
engine standards are attached. The edges may well be 
merely cleaned up with grinder and file and afterward 
pamted unless the worker prefers a job finished in bright 
metal only. 


The crankshaft bearings are formed by drilling half 
into the bed plate and half into the bearing caps, one of 
wliich is shovm above the part sectional view of the bed 
plate in end elevation. After cleaning up the bearing 
cap castmgs with file and grinder and finishing the under 
side by draicing the casting over the surface of a clean, 
fine, flat file, the caps may be located on the bed plate, 
the holes spotted, drilled and tapped for 6/32 fillister 
lead screws, and the caps secured in place before the 
i^° 1 ciankshaft is attempted. Prick punch 

marks should be placed on each casting and just below 
It m the bed plate so that the bearing caps may be re- 
placed m the same order after they have been removed. 
The^ drilling should be done in the lathe. Build up 

Sif ^2?" to a height that will bring 

exadwt^r bearing caps and bed plate 

exactly m fine mth the lathe centers. Spot the hole to 
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be drilled in the easting on each side and start the driU 
on the one side while the casting is backed up by the 
taUstock center on the other. This will positively insure 
accuracy and alignment. When the one side is drilled, 
run the driU right through until it passes through the 
middle bearing, and then reverse the work so that the 
drilled side rests against the center and the undrilled side 
is presented to the tool. When this is finished, the three 
holes are sure to be perfectly in line. 

The drill should be % 4 th of an inch under %6 if a 
reamer is available, and one is really necessary in this 
ease. When the drilling is finished, -the %6-ineh reamer 
is passed right through the three bearing holes which fin- 
ishes them to size and, of course, to line also. To make 
a running fit for the shaft, the latter will have to be 
ground in vnth fine emery and oil. 


The two cylinder castings are exactly alike, so the 
operations vnll be described for one only. A simple 
method of facing off the bottom of the feet is to grip the 
top, or lower cylinder head portion, in a three-jaw chuck, 
centering the central cylindrical portion which will ulti- 
mately be bored out. With the tailstock center brought 
up, the cut may be taken readily from the feet. The cast- 
ing may then be taken from the chuck and mounted upon 
a face plate with the faced-olf feet secured to it through 
the holes vhich will later take the final holding down 
screws when the engine is assembled. The end of the 
eastmg is then center-drilled, and the center brought up 
0 perimt the facing off of the cylinder head portion to 
dimensions given in the drawing. 

men this is finished and a scribe circle struck with 

he sharp tool on the face of the cylinder head portion to 

serve as a gmde in locating the holes for the screws, the 

and a drill chuck sub- 

ins to starf+lr^^^ through the cast- 

ing start the cross head tunnel. The greatest care must 
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be taken here to see that the drill does not bite and to 
this end it should be properly ground. If brass is used, 
the lip of the drill should be taken oif by all means ; with 
east iron it is not so important but, even so, there should 
be no unnecessary risks taken to save time. 

The boring may then be started through the drilled 
hole. If the depression on each side of the cylindrical 



portion catches during the operation of boring, it is very 
.much better to use a steady rest on the turned cylinder 
head portion. This may be done without defacing the 
work seriously, and if it is marred, a light out at the 
end mil remove the marks. The steady rest will prevent 
danger from bites due to the lack of stiffness in the work. 

+ 1 one, the boring 

tw through in the usual way with the cut- 

g e ge omg its chipping after the manner of a dia- 
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ivioiul point on oxtinnuil Avork; then, and this is the trick, 
witliovit tui-nin,n- tlio cross feed liandle, bring the tool back 
out again with tbo natnral spring of the tool, taking a 
dragging cut after the fashion of a side facing tool. This 
filial (ait Avill leave the inside of the tnnnel Avith a bur- 
nished surface if the feiai has been very sIoav and the 
(‘lit ex(‘(‘e(lingly light. 

From tln^ description jnst given, the AA^rker aaTU note 
that the (aid of the casting that would naturally form the 
cylinder Inaid has been bored out. There is a double 
riaisoii for this: First, there is no other easy AA’ay of 
boring the cross head tnnnel and, secondly, it is much 
easim- to lit a idiig containing the packing gland, the con- 
stnu'tion of Avliich is Avell shoAvn in the draAAdng, to the 
liored out (‘listing than it would be to attempt such a fit- 
ting up inside die tnnnel. The actual packing is a piece 
of ltunp-Avi(‘k well greased and wound around the pis- 
ton rod. 

The two (‘vlinders are cast en hloc. The easting is 
(‘onsid(‘rably lighter than the pictures of the finished en- 
gine would seem to indicate as the smooth, external sur- 
fiu'c is of sheet metal AAdiich forms a “lagging” or cover- 
ing Avhidi en(‘h)ses an air space to keep the cylinders hot 
and in that manner prevent, as far as possible, the con- 
densation of the steam within the cylinders. The draAV- 
ings show how this space is formed, the dotted lines indi- 
cating the lines of tlie actual cylinder Avail in the plan 
view. 

h\>r fa(‘ing off, the casting may be mounted upon the 
wooden face plate Avith the easting centered. After the 
cut is taken, the AAmrk may be reversed to face the other 
side, dlhe (‘asting is then scribed accurately Avith center 
line and the two lioles spotted to indicate cylinder bores, 
iflie casting is again mounted, but this time the center is 
brouglit up to one of the spot marks indicating one cyl- 
inder bore. After clamping securely, the casting may be 
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drilled, but first of all the whole job should be balanced 
by bolting a small mass of metal to the side of the face 
plate to compensate for the lack of balance and to pre- 
vent vibration which would destroy the accuracy of the 
w^ork. The boring of one cylinder finished, the casting 
may be changed over so that the other may be bored. 

The easting may then be removed from the face plate 
and the ports drilled and chipped out. Before doing this 
operation, however, the slide valve faces may be ma- 
chined. The right way to do this is on an angle plate 
in the lathe after the cylinders have been bored and 
faced off. An alternative method is to file and grind the 
face true, or as nearly so as the skill of the worker will 
permit. 

The little kink used for the slide valve rod is a good 
one, and the isometric sketch will aid in showing its prin- 
ciple. The reader will note that this stunt affords a uni- 
versal coupling within the steam chest, making it possible 
for the pressure of the steam to keep the slide valve 
tight against the face. 

The piston is turned right on the piston rod which 
serves as an arbor. This insures accuracy in the finished 
job. The piston is packed with wicking in the groove 
turned for it. 

The crankshaft requires special attention as it pre- 
sents some difficulties to the uninitiated. Two methods 
of construction are permissible. One is the solid forging 
construction and the other the built-up shaft method. 
The latter only will be considered here as it is believed 
the former is well understood by those who are capable 
of handling it. 

The crankshaft may be made with crank webs at 90 
degrees or 180 degrees. The model pictured has the 
9p-degree crankshaft which presents the advantage of no 
dead center. However, such a shaft is unbalanced and 
when the engine runs at high speed the vibration is rather 
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excessive. The 180-degree shaft obviates the latter difli- 
cirlty but introduces the unfortunate dead center when 
the two pistons are at the extremes of their travel. How- 
ever, it is for the builder to decide which of the two evils 
is the lesser. To beat them both, he has only to add a 
balancing weight to the cranli web opposite the pin. 

The built-up crankshaft is constructed of cold rolled 
steel for the webs and steel drill rod for the shaft and 
pins. The Avebs are laid out, centers punched, and holes 
drilled %4 inch under %6- The drilling may be done in 
the lathe, the work being held against the tailstoek drill 
pad and the drill in the lathe chuck. For convenience in 
handling, it is Avell to drill all holes in the bar of steel 
before it is cut to form the webs. The holes must be very 
carefully laid out and center punched. 

When the drilling has been finished, the bar may be 
cut up into the four pieces forming the webs. These 
pieces may be stacked and a piece of cold rolled st(,K!l 
passed through one set of holes to line up the pieces. A 
clamp may then be put on and a %c-inch reamer run 
through the uncovered set of holes. The latter may then 
be filled Avith a second piece of rod made for an easy push 
fit. The first rod is then removed and the reamer run 
through that set of holes. The webs are then to be as- 
sembled on an arbor, placed first in one set of holes and 
then the other, so that a lathe cut may be taken off the 
ends. This -will finish the Avebs nicely. 

The final assembly should be upon the %6-inch drill 
rod forming the shaft and wrist pins. This rod will be 
a very snug fit in the holes, and before the shaft is assem- 
bled the web pieces should be removed from the arbors 
and heated, on a piece of wire, in a Bunsen flame until 
they just begin to turn blue. While hot, they are placed, 
by means of tongs, on the cold shafts in exactly the posi- 
tions they are to occupy. The shafts should previously 
have been marked plainly for each web. While the webs 
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y' will bc; an (‘usy tAvist fit on the sliaftins; 
\tK)l, h()wev('r, they will eoiitract upon the 
ti lat it will be all but impossible to turn the 
the; hole. 

‘ ,)()1) has cooled, boles may be drilled throxrgb 
:l through tlui shaft it encloses lor small ste(d 
■ill liiiish th(‘ Job of locking the parts together, 
pins hav(^ Ixm'u driven, and not Ixifore, the 
s ha fling uiay be cut away, Icxiving tlie coni- 
diaft i-(‘ady to b(^ finished up (dther between 
g or with a fuui tile. The cbxxuing up opera- 
1 V on(‘ of ixMiioviug the burrs of the hacksaw 
ji,wa.y th(', extra sliaftiug from between W(d)s. 
iphdx^s tlu^ iiKichiiK^ work of importance. The 
,< Is, (ly-wh(Hd, (‘xhaust and inhd pipes, elbows, 
‘ all simple piecx^s of work that need not be 



CHAPTEE XIII 


FLASH STEAM PLANTS 


How flash steam plants operate — Description of the various parts and 
fitting employed in a flash plant — Eegulation of the water supply — 
Lubrication — ^Difficulties in adjustment — Gasolene burners for flash 
steam plants. 

Flash steam plants are more adaptable to the pro- 
pulsion of model steam boats than ordinary “pot” boil- 
ers, as they generate steam more rapidly and are there- 
fore able to furnish more power to the engine. Although 
somewhat more unwieldy to handle than ordinary boilers 
and somewhat difficult to adjust, they are, nevertheless, 
preferred for model speed-boat work. All the present 
records are held by boats propelled with flash steam 
plants, which alone is enough to indorse their use. 

The average American model maker is not very 
familiar with the operation and construction of flash 
steam plants and the following paragraphs are devoted 
to the method of operation and the general features of 
construction. 

The illustration. Pig. 112, shows a complete flash 
steam plant and the method of connecting the various 
parts. The small tank shown at A is used to hold the 
gasolene which is fed to the burner C. The gasolene 
passes through the vaporizing coils, which are wound 
around the outer surface of the burner. The nipple at 
the end of the vaporizing coils has a very small aperture 
through which a fine spray of gasolene passes into the 
cylmder of the burner, where violent combustion takes 
place, and the flame produced shoots forward into the 
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rig. 112 — A flasli steam plant "vith engine and fittings 
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boiler coils, wliieh contain the water. The gasolene burner 
IS very simple in construction and is automatic in its 
operation after being started. The gasolene from the 
fuel tank, in circulating through the vaporizing coils, 
becomes hot and its vapor pressure is increased to such, 
an extent that it comes forth with considerable force 
through the small opening in the nipple. A valve is 
placed in the fuel tank to cut off or regulate the supply 
of gasolene. The small opening and cap is also fitted to 
the tank through which it is filled. The tank can either 
be made of sheet brass or copper and all joints should be 



Fig. H3— A gasolene Wow torch for a flash-steam plant 


^ver soldered. The vaporizing coil should either be 

preferably steel. The 
h the ordinary 

and a little in the fuel tank is opened 

Sd L T This is ignited 

continues smoky flame results, but as this flame 

continues, the vaporizmg coils become heated and the 
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g'radually clumgos to an intense bine and produces 
n gTC'nt amount oi heat. After the burner is operating 
satis hu'torily, the feed valve on the fuel tank is opened 
full. Al'tcu- a few minutes of operation, the engine will 
be ready to start and it is given a few sharp turns to start 
the main wal.to" pumj), shown at E in the drawing. The 
gasohme burner can also he heated by means of another 
buriHU’ to start it. 

’ildu^ \vat(u- pump E is generally geared to the pro- 
p<dl(u- shaft with a ratio of 5 : 1, but this may vary with 
ih(! stroke and bore of the pump. It is the purpose of 
this pump to start and maintain the circulation of water 
through tlu! boihvr coils. A hand starting pump is also 
included in the e<|uii)iu(uit, and this is shown in the draw- 
ing at F. If the. ((([uipinent is provided with a hand start- 
ing pump, it will not be necessary to twist the engine 
shaft to start tlu^ main water pump E, as the initial pres- 
sures of water can be rais<Hl by the hand pump, thereby 
obviating the. muicssity of turning the engine over, which, 
in souKt cascis, is rather a dangcirous thing to do, as the 
<‘ngiim is ajit to staid off and catch the operator’s fingers 
in the mechanism. It must be remembered that the 
engine starts with a rush and has considerable force 
Ixihiud it. When the hand pump is used in starting, the 
engiru! is placed at its diuid cimter. It will be seen from 
the drawing that both the hand pump F and the main 
water pump E obtain their supply of water from the res- 
(U-voi r (J. irhe water is taken from this source and forced 
through tins boiler coils. The water is only able to pass 
through the main x)ump E in one direction, as the valves 
fjrevmit it from flowing backward. 

When the water from the pumps reaches the boiler 
coils, through the center of which the gasolene flame is 
burning, it instantly “flashes” into steam and by the 
time this steam has reached the end of the coils toward 
the cugims it has become highly superheated and imparts 
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maximuin power to the piston of the engine. When the 
engine is starting, it is sometimes advisable to manipu- 
late the hand pump, as this assists the main water pump 
to pick up and produce maximum pressure in the water 
flow. After the engine is working satisfactorily, the 
small hand pump F is cut off from the rest of the system 
by means of a valve shown at H. The engine is now 
able to drive the water pump E, which is powerful enough 
to produce the necessary flow of water in the boiler coils. 
The engine is also required to drive the small oil pump 
which is shovm at I. This pump is supplied with lubri- 
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Fig. 114 ^Drawing of a gasolene torch for a flash-steam boiler 


eating oil through the reservoir M. The gear ratios of 
the pump gears are shown in figures on the drawing, 
and it ■vnll be noticed that the oscillating motion of the 
pump piston vdU be very slow. Owing to the fact that a 
small amount of solid matter contained in the oil would 
prove fatal to the successful operation of the engine, a. 
copper gauze strainer is used in the tank and the oil must 
pass through this before it reaches the feed pipe at the 
bottom of the t^. Solid matter is thus prevented from 
foulmg the engme. The oil pump produces a discharge 
0 oil in the steam supply pipe from the boiler coils. The 

bSorT^r^ superheated steam just 

before it enters the eylmder of the engine. The lubri- 
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eating oil nsed should be rather viscid so that the high 
temperature of the steam wiU not cause it to become too 
thin and burn. 

Attention is again drawn to the water reservoir. The 
capacity of this is not necessarily large ; on the contrary, 
it is quite small. It will be noticed also that the water is 
first filtered through a copper gauze strainer before it 
reaches the feed pipe of the pumps. This prevents trouble 
that would be caused by solid matter in the water reach- 
ing the pumps. Due to the fact that the water reservoir 



Fig. 115 — A douljle gasolene lumier 


is placed below the water line of the boat, it will remain 
full when the model is at rest. When the boat is in 
motion the water reservoir is kept full by the scoop shown 
at J. The rapid forward motion of the boat tends to 
force water upward through the scoop into the tank^ 
thereby keeping it full. A small overflow pipe is arranged 
at the top of the tank and this discharges over the side 
of the boat. The overflow pipe also provides an escape 
for air when the boat is first placed in the water. 

A covering is made for the boiler coils and burner and 
this is usually shaped out of steel and prevents draft 
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from deflecting the flame from the center of the boiler 
coils. The steam exhaust from the engine cylinder is led 
to the funnel on the covering of the boiler coils, where 
it discharges into the outer atmosphere. This tends to 
produce the proper circulation of air in the eovcn-ing, 
so that the burner obtains a sufficient supply of oxygen 
for its most efficient operation. The check valve in the 
water supply pipe shown at K prevents water from re- 
turning if the delivery valve in the main pump does not 
function properly. The relief cock shown at R is opened 
when it is desired to stop the plant. When the relief cock 
is open, the water and steam pressure of the system is 
relieved. All the joints, cocks and valves of the water 
system must be absolutely air and water tight to produce 
an efficient plant, as the least leakage will seriously im- 
pair the successful operation of the device, as the press- 
ure is very high throughout the entire system. This pre- 
caution will not be necessary with the oil-feed system, 
as the oil used is very heavy and no trouble will be ex- 
perienced by leaky joints if ordinary care is exercised in 
making them. The water pumps for use with flash steam 
systems are always provided with mushroom valves. 
Such valves are more reliable than the other type, and 
their use is strongly recommended. 

After a flash steam plant is started, it will work auto- 
matically, providing all the parts are in good running 
order. The blow-lamp heats the boiler coils and these in 
lurn generate superheated steam which is fed directly 
into the engine cylinders. 

Flash steam plants, however, are very difficult to get 
to the proper adjustment, and when once adjusted are 
very easily put out of adjustment by minor causes. Being 
that every square inch of surface in the flash coils is heat- 
ing surface, the amount of water supplied to the boiler 
must be exactly what it requires. The heat must also be 
regulated so that the temperature of the steam will be 
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of just the correct value for the engine’s needs. Being 
that the steam is highly superheated before it enters the 
engine, the valve and engine parts must all be made of 
steel to withstand the severe attack of the heat. An in- 
crease of heat causes the temperature of the steam to rise 
and also increases its expansion. Many times the tem- 
perature of the superheated steam is so high that it will 
burn up the lubricating oil before it reaches the cylinder 
of the engine. When the lubricant becomes ineffective 
the results are apt to he very disastrous to the en- 
gine, as great friction is caused and seizing is apt to 
occur. 

If the heat of the burner falls off for any reason, the 
steam is not raised to a sufficiently high temperature and 
will not be thoroughly dry at the time it enters the cylin- 
der of the engine. When this condition occurs, the boiler 
coils are unable to vaporize the water that is circulating 
through them from the pump, and in a short time the 
boiler floods and the engine is fed with a large percentage 
of water in place of steam. It is necessary that a flash 
steam plant, to operate successfully, must be supplied 
with exactly the amount of water, heat and steam it 
requires in operation. Thus, it will be seen that to obtain 
the TnaYimuTTi power from such a plant adjustments must 
be made very accurately and with great care. 

For model power boats, flash steam plants are much 
more successful and efficient than ordinary pot boilers, 
as they generate greater power for given weight and fuel 
consumption. 

It will be understood that it is almost impossible to 
heat a flash steam boiler by any method other than the 
gasolene blow torch, as the flame from this completely 
covers the surface of the entire boiler coils. 

Flash boilers can also be made with double coils and 
in this ease it is, of course, necessary to employ twin 
burners to fire them with. Double coil flash boilers are 
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capable of developing considerable power and are very 
suitable for racing craft of the larger type. 

It is necessary to encase all flash boilers with Eussian 
iron which prevents heat radiation and also protects the 
flame from drafts. The inside of the Eussian iron casing 
should be lined with asbestos. 


CHAPTER XIV 


A FLASH STEAM PLANT FOR LARGE MODEL AIRPLANES 

A description of the engine and what it is capable of doing — Machine 
work necessary to finish the engine — A flash steam plant for the 
engine and how to make it. 

Ill view of the great activity recently evinced in the 
designing of model power plants for aviation and other 
purposes, this compact and efficient power plant should 
prove of considerable interest. Providing as it does a 
self-contained plant of sufficient power to make it emi- 



Fig. 116 — The four-cylinder steam engine assembled 


nently practical and of great utility, the construction of 
this engine at once supplies the model maker with a 
most interesting project, and furnishes him with a 
reliable source of power. While no special effort was 
made to secure lightness, as the engine was originally 
designed to propel a canoe, for which purpose it has 
proven perfectly successful, the power plant is not too 

175 



176 


Model Engineering 


heavy for the large airplane model which it would he 
capable of driving, and would undoubtedly prove an ideal 
solution to the propulsion problem in (JoniH^ctiou with 
such a model. In fact, the author consid(U\s tliat it would 
vindicate the employment of steam vs. other prime mov- 
ers in whatever field in which it might be put, and in 
addition, the construction alone would be of sufficient 



Fig. 117— The four-cylinder engine and its flash hoiler 


interest to repay the model maker for his expense and 
labor. 


01 deliver a maximum of about 
^/2 H.h., utilizes steam from a flash boiler in four single- 
actmg, radially disposed cylinders. From the standpoint 
of compactness, there is little doubt that this arrangement 
IS superior to any other, and a great simplification of 

ITZ ^ to the four stationary cylinders which 
are, of course, at an angle of 90 degrees to each other, is 



Fif. 118 — ^Drawing of the four-cylinder engine assembled 
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effected by means of a rotating member flexibly coupled 
to the crankshaft and revolving in a easing connected with 
the steam supply and with the cylinder heads. This mem- 
ber carries on its periphery two ports, one, communi- 
cating continually with a small chamber under pressure 
from the boiler, serves to admit steam to the cylinders in 
succession as it passes the ends of the pipes connected 
vith the cylinders, and is of such length as to cut off the 
admission of steam to the cylinders after about 20 degrees 
of the inlet stroke; the other port is in communication 
with the atmosphere by a series of holes and permits the 
cylinders to exhaust during about 80 degrees of the 
stroke. The general appearance of the engine is conveyed 
by Fig. 118. The four pistons are all connected to a sin- 
gle erankpin by means of a disc rigidly affixed to one con- 
necting rod, and carrying supports for the other three 
rods on which they may pivot shghtly as the crankshaft 
revolves. 

One of the most unique features of the engine de- 
scribed below is that no castings are required ; all parts 
being made either of cold rolled steel or brass stock. 

The crankcase of the engine is constructed first. This 
particular part is shown clearly in the detail sketch. 
Fig. 122. In bending the stock, care shonld be exercised 
as this forms the foundation of the whole machine and 
any inaccuracy here would be fatal to the successful oper- 
ation of the engine. The joint in the ease is dovetailed 
and ■while this may appear difficult to accomplish, i't is the 
only practical procedure.^ After the joint is accurately 
cut, the case is scalded in boiling water to remove all 
peasy substances from its surface. After this, the joint 
is silver soldered in a smokeless forge fire. 

The bosses, which hold the cover plates of the crank- 
case to the case proper, are riveted to the sides as shown 
m Fig. 122. After the cover plate is drilled, it can be 
held m place on the ease and used as a jig to dLrill the 
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wjles in the bosses. A %2 ‘drill is used and the holes 
^^pped out with a i/g-dO tap. 

The holes in the crankcase, over which the cylinders 
are bored out on a lathe as it is impossible to do this 
a drill press owing to the light weight of the stock. 
rpyxe main bearings are bronze, split and held in place 
^^ith a flange and nut. The bearihgs should be carefully 
^earned out with a hand reamer. 

The crankshaft is worthy of mention on account of 
difficulties involved in making it from a single piece 
stock. A piece of stock measuring % x 1% x 6 inches 



rig. 119 — The fuel tank for the gasolene burner 


will be needed. After cutting out the rough form with a 
Ixack saw, the main shaft is turned to diameter. The 
■ei-ankpin is turned down next, and, after this is done, the 
inside of the webs are faced off. 

The cylinders are turned from 1%-inch square cold 
rolled steel stock and a square flange is left on the base. 
The cylinder bore should be finished carefully with a 
liand reamer to insure accuracy and high compression. 

The pistons are turned out of liA-inch cold rolled steel 
rod. The stock is turned down to fi/g inches and a 1-inch 
liole bored out to a depth of Wie inch. After the holes 
to accommodate the wrist pins are drilled the contact 
:STirf ace of the piston should be carefully polished. 
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The connecting rod is made of two pieces — one of 
brass and one of steel. The cross piece is cut from brass 
and drilled with a i/4-ineh drill. Only three of the con- 
necting rods are made identical ; the fourth being differ- 



Fig. 120 — The engine with a propeller attached to its shaft 


ent at the lower end where it is fixed to the master 
bearing. 

The lower bearings for the three connecting rods are 
cut from brass stock to a diameter of ^%2 inch and drilled 
eccentrically with a i4-inch drill. The bearing on the 
fourth or master connecting rod is made from a piece of 
square brass stock with a semicircular cut in one end 
where it rests on the crankpin after it is fitted into the 
slot of the master bearing. Both the bearings and cross 
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36 s are secured to the connecting rods by means of 
er soldei’. 

The valve casing is turned out of steel to exact diani- 
• with a shoulder at one end to hold the distributor 
)lace. The interior of the opposite end of the valve 
3 is threaded to accommodate a face plate which is 
led in the center with a %-inch hole for the steam 



Fig. 121 — ^Drawing of the fuel tauh for the gasolene torch 


t. When the plate is screwed in place, there should 
i small space between it and the distributor to act a^ 
team chest. A small spring is also placed between 
plate an I the distributor to keep the latter against 
shoulder. The steam pipe from the boiler is con- 
ked with the face plate by means of a small flange and 
r screws, interposing a leather gasket. The distrib- 
ig; element should be made to fit the case as perfectly 
possible, as a poor fit will cause leakage, which will 
lice the efficiency of the engine. 
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The distributing tubes are bent by first filling them 
with either lead, sand or resin — ^preferably lead for a real 
good job — the filling being tapped or melted out after 
bending. One end of each distributing tube is furled to 
make a steam-tight joint where they are connected to the 
tubes on the valve ease by means of unions. 

All parts of the water pump are made of brass with 
the exception of the frame and clamp which are of sheet 
steel. ■ The pump proper is held in place by forcing it 
between the sides of the clamp which is depicted in the 
detail drawings, this being riveted to the frame. The 
gear on the pump meshes with the one cut in the crank- 
shaft; the ratio being 4 : 1. The pump discharge is con- 
nected to the front end of the inside coil of the boiler. 

Having constructed the engine, the next consideration 
is, of course, the boiler. llTiere compressed air in large 
quantities is available, this makes a satisfactory substi- 
tute for steam and, except for the cooling effect due to 
its expansion, is probably superior to steam. But it 
should be borne in mind that the quantity of air required 
for a motor of this size is considerable, and it is vital 
that a heavy supply be available. The sapie is true 
regarding carbon dioxide and similar propulsion medi- 
ums; they are admirable for testing purposes, but the 
large consumption of the engine renders steam the most 
practical operating fluid. It should be mentioned in this 
connection that in an engine having as high an expansion 
ratio as this one, the cooling resulting from the employ- 
ment of gas compressed in cylinders, as in the case with 
CO 2 , becomes serious. 

The boiler, shown in Fig. 124, is of the flash type, and 
IS supphed with water from a suitable supply by the 
engine pump described above. The coil is double and is 
constructed of ^-inch copper tubing. This is wound on 
a mandrel, shghtly under 1 inch in diameter, to the length 
of a foot. When completed, the coil will spring open suffi- 
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ciently to allow its removal from the mandrel, and will 
now be of the correct diameter, although some latitude 
in this respect is permissible. Some heavy gauge sheet 
brass is wrapped around this coil to bring its diameter 
up to a scant 2 inches, and the outside coil is wound back 
over this. The brass is withdrawn after the operation. 
A easing of galvanized sheet iron 20 inches long is 
wrapped around the coils as shown in the drawing, which 
also shows the connections and makes the general assem- 
bly clear. A cone 3 inches long is affixed to the front of 
the casing. The burner is a gasolene torch on the familiar 
Bunsen principle, and is supplied with fuel from a small 
tank imder air pressure, applied with a tire pump. The 
preheating and vaporizing coil is of i^-inch seamless steel 
tubing, given a few turns around the main burner tube 
of l-inch steel tubing while red hot. The main tube is 
about 4 inches long and is fitted at the back with the fuel 
nozzle and perforated air supply plate shown in the 
detail drawings. The framework around the casing is 
of i/4-ineh square cold rolled steel stock, and the case 
may be fitted with sockets in which suitable supports 
can rest. 
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A PLASH STEAM PLANT POR SMALL MODEL AIRPLANES 

Operation and design of the engine — ^How the engine is made — ^Design 
for a six-cylinder engine working on the same principle — Descrip- 
tion of a flash steam plant to drive the engine. 

The development of a suitable power plant for very- 
small model airplanes has long been the ambition of a 
great many model enthusiasts. To the advanced model 
maker there is not a more interesting and fascinating 
branch than that of model airplaning. 

The use of steam as a motive power for airplanes is, as 
we all know, a very old idea, having been first attempted 
by Stringf ellow in 1846 in England, by Langley in 1896 in 
America, and of late years by Messrs. W. 0. Manning, 
H. H. G-roves, and V. E. Johnson in England. The experi- 
ments of these last three gentlemen, as recorded in the 
Model Engineer and Electrician, have been a great 
incentive and also exceedingly helpful and instructive to 
the writer in the development of the flash steam plant 
about to be described. 

Fig. 126 shows the general arrangement of the engine, 
boiler, fuel container, and burner. 

The engine is of the single-acting rotary type, having 
three cylinders — the bore % inch and the stroke % inch. 
The cylinders are of Tobin bronze, bored out quite thin, 
and supported radially from the valve by hollow colunms 
on one side, and by the propeller bracket on the other. 
Needless to say, the valve is of the rotary type w-hich 
admits steam to each cylinder successively as the pipes, 
or supporting columns, pass over the inlet port. As 
shown in Fig. 130, steam is admitted during 50 per cent 
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Fig. 125— The three-cylinder engine mounted on a model airplane 

The exhaust port is then uncovered during practically 
the entire return stroke of the piston. 

The valve also forms the main and only bearing on 
which the engine revolves, and is made in a taper form 
so that any leakage or wear may readily be taken up. 
The crank is screwed and locked on the end of the valve. 
TMs allows the former to be set for either direction of 
rotation, and for the timing of the steam inlet and cut-off. 

All joints and pipe connections are silver soldered 
as soft solder would soon melt out under the high tem- 
perature at which the engine operates. The propeller 
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iiioiinting consists simply of a star-shaped piece of 
% 4 -inch steel brazed to the cylinders, and the propeller 
is held to this by means of a screw and nut. Three driv- 
ing pins are set in the plate, which assures a positive 
drive to the propeller. 

The weight of the engine alone is 3% ounces. This 
light weight for an engine capable of developing a quarter 
liorse power can be obtained only in one of the radial 



rig. 126 — The complete power plant 


cylinder types, because of the absence of a long multi- 
throw crankshaft with its correspondingly extensive 
crankcase and bearings. 

The flash boiler was made from 8 feet of %-ineh inside 
ciiameter copper tubing wound up on a tapered mandrel. 
The over-all length is 7% inches, being 1% inches in 
diameter at the burner end and 1% inches at the tail end. 
The super-heater consists of two loops of the same mate- 
rial placed in the center of the coils, one end of which is 
brazed to the latter, and the other end fitted with a 



Fig. 127 A — Details of the three-cylinder engine 
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Fig. 127B — ^Details of the three-cylinder engine 
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screwed connection for the purpose of connecting it to 
the hollow crankshaft of the engine. 

Water is supplied to the Jboiler at the big end of the 
coils from a force feed pump, which is driven by the 
engine through a train of gears, giving a reduction of 
5 to 1. As shown in Fig. 128, the crank pin may be set at 
various radii, thereby altering the stroke ; i.e., the amount 
of water pumped to the boiler. A very rigid and light 



Fig. 128— How the pump is geared to the engine 

frame was constructed of umbrella ribbing for the pump 
support and its gearing. The pump piston and cylinder 
are made of brass, the former being about % inch in 
diameter and is fitted with two packing rings. Bronze 
balls are used in the check valves to prevent corrosion 
and sticking. A good seating for these valves is obtained 
y placing a steel ball of the same diameter on the seat 
and tapping it lightly vdth a hammer. To limit the move- 
ment of the balls, a brass pin is sweated in the side of the 
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housing which projects into the water passage at 
g, point slightly above the balls. 

The fuel container is made in a stream line form 
•ijsiiig' brass foil .007 of an inch in thickness. There are 
fvvo compartments, one of which contains 2 ounces of 
o-a^solene, the other 4 ounces of water. Allowance is made 
xit the gasolene reservoir for a small air space, so that a 
slight air pressure might be generated by means of a 
panel pump in order to start the torch. 

The vaporizing coils around the nose of the burner 
a,re of light gauge brass tubing. Thin steel tubing is 
ased for the Bunsen tube. A priming tray was beaten 


G»i-of f bra :^ g<l to groove 


.• &chau'a.4 ports- 





Pig. 129 — The engine huh 


out of brass foil and supported from the burner by a stiff 
wire, which was brazed at points indicated in the sketch. 

The speed of the engine is largely dependent upon the 
intensity and amount of heat. To start the plant, the 
water container is completely filled through the opening 
at the top. The gasolene container is then filled half full 
and then given one or two strokes of a hand pump through 
the check valve which projects from the front of the 
container. 

The needle valve at the burner is then opened long 
enough to allow the gasolene to drip from the spray noz- 
zle and thence to the priming tray. Half a teaspoonful 
is sufficient to heat the burner. When this is almost com- 
pletely burned out, the needle valve may be opened and 
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the burner will start off with a terrific roar. It is then 
necessary to start the water into the coils before they 
become overheated. By turning the propeller over sev- 
eral times, the pump is set in operation and the water is 



Fig, 130 — Tlie rotary valve design for the three-cylinder engine 

forced into the hot coils. Considering that the coils work 
at a red hot temperature, the value of the steam pressure 
often runs up to between 200 and 300 pounds per square 
inch. 

When the plant is on test, a perforated asbestos casing 
is placed around the coils and the burner opened wide 
so as to allow the flame to extend the entire length of 
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rig. 131 — Design for a six-cylinder engine "built on the same principle as the three-cylinder engine 
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the coils. After the first flash of steam reaches the en- 
gine, it is time to keep clear of the propeller, as it will 
speed np very rapidly. It would probably be disastrons 
to the engine to allow it to rnn light on the flash boiler 
at full pressnre, when 60 pounds per square inch will spin 
itiipto 3,500 R.P.M. 

It is very necessary that the engine be lubricated con- 
tinuously, otherwise the high temperature of the steam 
would soon cause it to run dry and seize. This is accom- 
plished by a gravity oiler in the steam line shown in 
Fig. 126, between the engine and boiler. There are two 
pipe connections to the reservoir, one of which serves 
to equalize the pressure on the oil and the other as the 
feeder outlet. A small pointed screw is fitted in the out- 
let in order to regulate the rate at which the oil drops 
into the steam line. This adjustment is made through the 
filling hole at the top of the reservoir. 
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A MODEL STEAM TDEBIETE 

Description of the design used — Machining the parts — Forming die foi 

turbine buckets. 

In designing and constructing a model turbine engine 
tlie model engineer is confronted with several probleniE 
which do not have to be taken into consideration wher 
dealing with a reciprocating engine. The most important 
of these are: The high speed; the balancing of motive 
parts, adequate bearing and a positive oil supply. In 
the design here given, these details have been carefully 
worked out, yet the construction is such that it will not 
be found difficult of accomplishment by any amateur pos- 
sessing a small lathe fitted with a plain slide rest. 

In the turbine engine the principle that “Action and 
reaction are equal” is most practically demonstrated. 
The most efficient turbine engine is the one having a com- 
paratively large number of buckets, but to secure this in 
a model the size of the one here shown, it would be neces- 
sary to turn out the motor wheel with a solid rim, like 
the flyvffieel of an engine, and mill out the buckets from 
the solid metal using an end milling cutter for the pur- 
pose. This construction would necessitate the use of 
special facilities with which few amateurs are equipped. 

DraAvings A and B, Fig. 134, show the complete model. 
From these views it will be seen that the steam inlet is 
east as a boss on the side of the casing instead of being a 
separate piece, for which a hole would need to he drilled 
diagonally through the casing. The exhaust steam passes 
out at the bottom of the casing, which facilitates the keep- 
mg of the interior free from water. The reduction of 
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speed is accomplished by a worm wheel moanted on the 
turbine shaft and engaging with a gear on the driving 
shaft. This permits of a reduction of 20 to 1, yet allows 
an increase of speed if so desired, by substituting a 
smaller gear on the driving shaft. The side thrust of the 



rig, 133 — The complete steam turbine, showing its comparative size 


jet of steam on the turbine wheel is offset by the thrust 
of the worm wheel on the gear of the driving shaft. 

The shaft of the turbine wheel is made as long as 
possible, and the outer end supported in an outboard 
bearing. Each bearing is fitted with an oil ring and res- 
ervoir. Where the shaft passes through the easing, a 
stuffing box and gland is introduced. As the pressure at 
this point is only that of the exhaust steam, a piece of 
felt or candle wicking will be sufficient packing to use. 

The construction of the turbine wheel will be consid- 
ered first. This piece of the model requires to be very 
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carefully constructed, and when completed, the wheel 
should be in perfect balance. The design requires forty 
vanes or buckets arranged around the circumference of 
the wheel. Fig. 140 shows in detail the construction of the 
wheel. This wheel is made with a solid web between the 
hub and rim, instead of being spoked ; the reason for this 
being that the entire surface of the wheel may be turned 
up true to make it run in perfect balance. The 14-iiicF 
shaft of the model is too small to use in truing up the 
rough easting of the turbine wheel ; it is therefore advis- 



Fig. 135 — The turbine, showing the exhaust port 

able to drill and ream the hub of the casting % oi an 
inch and use an arbor of that size while machining it. 

After the wheel is trued up all over and the rim 
formed to fit the buckets, a bushing, % inch outside di- 
ameter and with a i/i-inch hole through it, can be made 
to fit into the hub of the wheel. 

This bushing must be carefully made or the wheel 
will not run true on the shaft. The bushing is shown m 
Fig. 140. The shape of the bucket is also shown in Fig. 
140 The lower portion of the bucket is spherical with a 
projection which fits into a slot of the wheel. The form- 
ing of these buckets will be the greatest difficulty that 
the amateur will encounter in the construction of the 
models. 
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To make the tool for forming the hnckets, take two 
pieces of steel % inch x 1% inches and about 2 inches in 
length. Clamp the two pieces together and drill two 
ineh holes for guide pins near one end, as shown in Fig. 
141. The opposite ends must be squared up and a center 
punch mark made on one of the pieces %4 inch from the 
edge where the two pieces join. Drill a small hole to a 
depth of % inch, using a drill about No. 24 size. With 
the two pieces firmly clamped together, drill into the same 
hole with a %-ineh drill to the same depth and follow 
this up with a ball end cutting mill as shown. This can 
be made from a piece of i/^-inch steel and the end rounded 
to a spherical form. The teeth can be filed in and the 
tool then hardened and tempered. When using this tool, 
it will be necessary to remove it from the work often and 
clear the teeth of the particles of material cut away from 
the work. If this is not done, the grooves will fill up and 
the cutter refuse to work. When the depression is cut to 
the proper depth, a piece of ^-inch steel is turned to the 
same form as the end of the cutter and inserted in one 
of the pieces of steel, as shown in Fig. 141. This can be 
fastened in position by a rivet. This forms a punch and 
die for forming up the buckets. The material of which 
the buckets are made should be soft brass of about No. 
26 gauge. This should be cut into pieces considerably 
larger than the size of the buckets, say one inch square. 
Place the forming tools with the “die” below and lay 
one of the pieces of soft brass in position on it. Place 
the “punch” above it on the guide pins, and, holding the 
three pieces together, transfer them to a larger vise and 
squeeze together firmly. On relieving the pressure, the 
sheet of brass will be found in the form shown in Fig. 
141, and only requires to have the flat part trimmed away 
to make it into a bucket of the proper shape for this 
model. 

After the required number have beeen formed up, one 
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of them should be very carefully laid out and cut to the 
size and shape shown in Fig. 140, and this can be used 
as a gauge with which to mark out the others. The cross 
section of the turbine wheel shows the rim turned out to 
form the same shape as the bottom of the bucket. This 
can be somewhat modified as shown where the bucket 
rests on two projections, one on either side of the rim 
and the center cut away on a straight line. The latter is 



Fig. 136 — The turbine, showing the steam inlet 


the easier construction and keeps the buckets in position 
equally well. 

After the wheel is turned to the required shape, the 
slots for the buckets must be made in the rim. If one has 
a milling machine or a lathe arranged for plain milling, 
the work is very easy. Most amateurs will be under the 
necessity of marking off the divisions with dividers and 
cutting the slots with a hack saw. The divisions should 
be marked off very carefully and the saw held at right 
angles to the rim of the wheel when used. After -the slots 
are cut in the wheel and the buckets formed and trimmed, 
they must be soldered in position. Place the wheel flat 
on a level surface and set the buckets in place. If the 
slots have been cut with a hack saw, the thickness of the 
metal of the bucket will not fill it up. In that case, small 
pieces of sheet brass can be cut and set in at the front of 
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tlio l)iicket. Wlioii tlio buckets a.r(^ all in placo, wrap , 
piocc ol‘ iron Avin^ aromid tlu^ oiitci- (mhIs la hold tlicr 
S(H‘ur('ly while beiug s()ld(‘i'(‘d. In soldcriiii>‘, a (laiuo ca: 
be uschI direct on the wIuhvI, or it ('an b(( doin' wiili a tin 
smitbs’ copper. Do not use a hiryc' ((uaiitily oT sohh'i 
All that is re(iuir(al is to lock the buckc'ts wliih' their toj) 
arc beiiiy turiu'd off to nearly tin* dianu'ti'r of tin- insid 
of the flat brass rinj>‘ which is to surround Iheiii. 

Defore the biuhi'ts are tni'iied off, tlu' wheel should b 
placed in a perniaiu'iit iiosition on tin' shnfi. ^I'he ('iid 
of the shaft should not be turned down to tin' siz(' of tli 
beni'in.^'s, liowevi'r, until the wln'i'l and bucki'ts are en 
tirely finisluHL ddie Hat rine: suri'ouudiny Ihe bucki'ts i 
made from a piece of o-inch brass tuhin,!;- about Mn inel 
in thickness, 'ifhis should be placed on a. block of wooi 
Avhich is held in the jaws of tin' latln' cluu'k, or fasb'iiei 
to the face plate, and tiau'd u)) lo a width of "ji! inch. 

In turninf>‘ down the tops ol' tin' bucki'ts, use a sharj 
pointed tool and take very liyht cuts. 'I'uiai Ihein dowi 
until the flat ring can almost be forced on, then lay tin 
wheel down on a flat surface, heat the I'ing evenly al 
around, and it will expand sufliciently to drop over tin 
tops of the buckids. If this is cai'i'fully done, no solder 
ing of tlie buckets to the ring will be necessary. Th^ 
shaft and wheel are again mounted in the lathe and thi 
wheel carefully turned all over, using a, very poiided too 
and taking very light cuts. This should put the wheel ii 
perfect balance. Lastly, turn the ends of the shaft ti 
the dimensions shown. Wlien the slud'l, and wheel an 
complete and supporti'd lightly IxdvN'ei'u centers, the; 
should stand in any position in which they are placed 
Should the wheel revolve, it would indicate that one sidi 
of the wheel is heavier than the opposite sidin In thii 
case, it will be necessary to balance it by drilling a fev 
small holes in the rim of the heavier side. 

The casing of the turbine consists ol' a piece of 
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incli brass tiibing aboxit bbi ineb thick, shown in Fig. 134. 
Iiito (‘acii (‘lul of this tubing a head is fitted. The tnbing 
should bo foix'od on a wood mandrel turned to tightly fit 
its iiisidi^ diametiu'. Both (uids shoidd he trued up paral- 
lel, hoiviiig th(^ length of the tubing ^Vir, inch. To the 
l()W(u- si<le of tliis tuht^ is attaclu^d the base. The upper 
paid of the base is turned out, or carefully filed, to fit the 
Ollier curvi^ of the tubing. A boss is east on one end of 
the base, and is drilled out to fit tlie exhaust pipe. Where 
the drill comes through, an elongated hole will be formed 
mi the' top curve of the base. A corresponding hole 
should 1)0 .marked out and cut through the side of the 
tubing, and al'tt'r the. four holes in the feet are drilled, 
the i.wo p)ie('es are soldm-ed together. 

^'lie two heads for the casing cannot be made from 
till' same pattern without a considerable waste of ma- 
terial amre.xtra work. For the head on the “steam” 
si(l(( of the turbine J, the pattern should be made with 
a straight hub for a chuck piece. This is for the pur- 
pose of holding tlie casting firmly in the chuck while it 
is turned to fit the tubing; the inside surface turned off; 
till* oil reservoir finished, and the %-inch hole for the 
l)(>aring hor-ed through. All these operations must be 
(lone at oTie setting; i.e., the castings must not be dis- 
turbiul ill the ('.buck until all these operations are finished. 
This is absolutely necessary in order that the parts shall 
all “lino up” when the work is completed. 

I’lie Vi-inch hole for the bearing should not be made 
by starting a '/(.-inch drill and cutting the hole while the 
work revolves, for the hole would in all probability run 
crooked. Start with a smaller drill, say %6 inch, and 
when that has been put through, use a small boring tool 
in the slide rest of the lathe and true up the hole, taking 
repeated cuts until it is almost to the required size, then 
run a reamer through to finish it. The outside 

diameter of the head should be left a trifle larger than 



206 


Model Engineering 

the Si^-ineh tubing, as it will add to the appearance of 
the finished model. 

Tidien cutting out the oil reservoirs, turn out the 
groove for the brass washer shown in Fig. 140. This 
w’^asher is to be soldered in place, but this must not be 
done until the oiling ring for the bearing, L, Fig. 139, 
has been placed in the aperture and the screw holes of 
the heads drilled as will be explained later. After finish- 
ing the inside of the head, it can be reversed in the chuck 
and held by the inside surface of the flange while the 



extra part of the chuck piece is cut away and the end 
squared up. Two holes are to be drilled into the oil 
reservoir, one above, for the purpose of supplying oil, 
and the one below to be used to drain the reservoir. 
They should be drilled with a No. 42 twist drill and 
apped with a No. 4-36 tap. Machine screws can be used 
to stop these holes when the model is in operation. 

The bearing sleeve is clearly shown at L, and a cross 

'T Purpose, a 

piece of brass rod can be used. Two pieces are to be 

made, one for each bearing. In addition to the length 
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required for the bearing, the pieces should be cut off of 
sufficient length to hold in the chuck. When the extra 
length is gripped in the chuck jaw, center the end of 
the revolving piece with a sharp pointed tool and start 
a smaller drill than the size of hole required, after 
which the hole is trued up with a very small boring tool 
held in the slide rest and finished with a reamer. Next 
turn down the outside to 14 iH,ch and square up the shoul- 
der of the outer end. The bearing is held in place by the 
two small adjusting screws as shown in J and L. The 
groove for the oil ring can be cut with a file or hack saw, 
and the reamer must again be inserted to remove the 
burr. The oil ring can be made from a piece of tubing. 

The next important operation on this head is to drill 
and ream the steam nozzle in the lug east on the outer 
surface. The line of the center of this nozzle should be 
at an angle of twenty degrees with the inner surface of 
the head as shown at M and N. M is a horizontal sec- 
tion cut through the center of the lug. This shows the 
manner in which the hole is drilled. The position of the 
hole is laid out on the inside of the head as shown at J. 
It should be on a direct vertical line with, and Wia inch 
above the center of the head. Mark the point with a 
center punch. When this has been done, a small piece of 
metal, shown at N, should be soldered on just outside. 
This is to prevent the drill from running off to one side 
when it is started. A center punch mark should be made 
on the outer end of the lug at the proper point to bring 
the finished hole at the proper angle with the turbine 
wheel. Against the center punch mark the point of the 
back center of the lathe is placed and the hole drilled. 
When drilling the hole, the head must be carefully held 
up or its weight will break the drill. Use a No. 60 twist 
drill. The hole is next reamed out carefully with a taper 
reamer from the inside of the head. The hole should be 
ViG inch in diameter at that portion where it emerges 
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into the casing. The outer end ea,n h<^ counterhored from 
the outside to fit the steam pipi*, and tlu^ (‘iitrancc' to the 
nozzle from the pipe; bi'Vi'led off as shown. 

Th(‘ other head reipiii’es h‘ss work. All the turning 
can be done at one setting of tlu' casting- in tla^ (^huek. 
The projection of the stufling box on tin' insiih^ of tlie 
head is to be used as a cluu'k pic'ce. d’liis is (irmly grasped 
in the jaws of the chuck, ddie outi'r dianieler of tlu' head 
is first turned down to tln^ sann^ size as tin; opposite h(^ad. 
The inside flange is lu'xt tnriK'd down to tlu' sanu^ di- 
ameter as tins inskhi of tln^ .‘]>/d-inch tubing. This (un he 
done by using a bent tool in the tool i)ost of the slid(^ 
rest. It can be gaugial for size by using a. pair of calipivrs 
and setting them to (it the fmishing dianieti'r of tin* ilange 
of the other head. The gauging (»f tlni pii'i-i* of woi'k by 
the calipers must be dotu! whiles it stands at ri^st, for if 
done when, the work is revolving, tin* tmKh'iu'y will be to 
leave the flange too large, as tin* calip<*rs pass ovm* a re- 
volving piece of work with gnuitm- (*us(i than if sta- 
tionary. 

The outside surface of the head is ncvxt turned off true 
and the recess for the gland bori'd out to tlu^ iiroper 
size. The small hol(^ for the sliaft should in^xt be juit 
through and this should be done vm-y carefully, as this 
will aid materially in the final lining iii) of th(^ parts 
when the model is assembled, as will In; (hescrilxul later. 
The hole should first be drilled with a smaller drill than 
the finished size called for, aftevr whicdi a small boring 
tool is used to true up the hole and (it it to tlus exact 
diameter of the shaft of the turbine wIkh*!. d'lni r(.>iason 
for doing this is that wheir the outl)()a,rd l>eaa-ing of the 
shaft is completed and ready to attach to tlu^ casing, 
the wheel and shaft can be insertcid, and this hole in the 
stuffing box will hold the shaft in alignnuMit until the 
bearing can be set into place and the position of the holes 
for the screws marked on tlie liead. Wlnm the outboard 
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has been fitted, the hole in the staffing box should 
liar ged a little so that the shaft will not touch it. 
’lie packing gland is shown at Q and will not require 
blended explanation. It should be a sliding fit in 
’luffing box and the hole should be at least %2 inch 
than the diameter of the shaft. Two clearance 
5 for No. 2-56 screws should be drilled in the flange 
lo-pped holes to correspond marked off and drilled 


/ 



SS— -The castings for the model steam turbine. The pressed buckets 
are also shown 


Le head. No finishing is required on the inside of 
head. 

'lie two heads can now be marked off and drilled for 
screws which are to hold the casing together. Lay 
ix points around the edge of the flange of the head 
described J, and mark them with a center punch. 

these holes through, using a No. 42 twist drill, 
n all six holes are drilled, place the flanges of the 
lieads together and hold them in position with a 
p. The projection of the stuffing box on one head 
inter the oil reservoirs turned in the other head. With 
:eads securely held together, use one of the holes as a 
a for the drill and start a hole in the other head, 
must not go deeper than the bevel of the lip of the 
Mark the other five holes in the head in the same 
aer, after which the two heads can be separated. 
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The holes marked should be drilled through with a No. 
32 twist drill, this being a clearance hole for a No. 4 
screw. The holes drilled with the No. 42 drill are next 
tapped with a No. 4-36 tap. 

After these holes are drilled, the washer can be 
soldered in place to form the oil reservoir in the head J. 
The casing can then be assembled with the wheel and 
shaft in place. 

The outboard bearing should be held in the jaws of 
the chuck by the outer end of the hub so that the feet 
project toward the slide rest. Rotate the lathe head by 
hand and measure with a tool in the slide rest to see that 
the piece is chucked so that the feet project equally. With 
a centering tool in the slide rest, mark a center in the 
revolving hub of the easting, and, using the same size 
drill as used for the hole at J, put a hole entirely through 
to size it from one of the bearings shovm at L. 

The oil reservoir is next bored out and the little de- 
pression made for the washer. The washer, like the 
corresponding one in the other bearing, must not be 
soldered into place until the oil ring has been placed in- 
side. The bottom of the feet must be faced off while the 
casting is in the chuck, light cuts with a pointed tool be- 
ing made so as not to loosen the work. The piece can 
then be removed from the chuck and the bearing sleeve 
fitted. The holes for two adjusting screws are next 
drilled and tapped, after which the clearance holes for 
the screws are placed in the feet. The bearing can now 
be slipped onto the end of the shaft projecting from the 
assembled casings and the position of the screw holes 
transferred to the casing. 

The head 0 must now be removed and the holes drilled 
and tapped. The hole in the back of the stuffing box can 
be enlarged, as mentioned, and the head replaced. The 
worm wheel should next be placed on the shaft in the 




A Model Steam Turbine 


213 


position shown in Fig. 140 and secured by a very small 
set screw drilled and tapped into one end of the worm. 

The bearing for the driving shaft is best finished by 
centering at both ends and drilling the hole when the 
easting is held against the back center of the lathe. The 
drill used should be a trifle smaller than t4 inch. Be 
careful that the drill does not touch the end of the back 
center. When the hole is nearly through, a piece of hard 
wood or metal should be interposed to prevent injury to 
the drill or center. The hole can then be reamed with a 



Fig. 141 — ^Forming device for the brass buckets used oii the rotor of the 

steam turbine 

%-inch reamer, after which it can be placed on a i/4-inch 
mandrel and the ends squared up. If desired, the out- 
side of the bearing can be turned down and finished on 
either end. If finish is desired over that portion where 
the flange is attached it will be necessary to do this with 
a file, as it cannot be turned. The back of the flange 
would be filed up flat and parallel to the hole for the 
shaft, after which two screw holes are drilled. 

The gear wheel and shaft are fastened together by 
a pin or screw and placed in position in the bearing. 
These parts are then held in place on the casing until 
the positions of the screw holes are located. The points 
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of the teeth of the gear should not be allowed to “bot- 
tom” on the worm, yet they should have sufficient contact. 

If desired, a small sheet metal oil pan can be formed 
to fit under the gear wheel for lubrication and a cover 
could be made to enclose all the gearing, but there are 
so many who prefer to “see the wheels go ’round” that 
these parts have not been shown. No driving wheel is 
shovm on the end of the driving shaft. This iiiust be 
made of the proper size to give the required speed to 
whatever model or piece of apparatus it is required to 
drive. 

When the final adjustment of the parts is made, the 
turbine wheel should run just as close as possible to the 
head containing the nozzle, but without touching it. Per- 
haps the easier way to make this adjustment is to loosen 
the screws in the bearing sleeve of the “steam” side and 
screw up the adjusting screws in the outboard bearing 
xmtil the turbine wheel rubs against the side of the 
casing when the shaft is revolved by hand. Then turn 
these screws back a half revolution and carefully tighten 
up the screws on the “steam” side until the bearing 
sleeve comes against the shoulder of the shaft. Be care- 
ful that the sleeves are not forced up too tight, as it is 
preferable to have a little play endwise on the shaft, 
though this should not exceed 144 inch. A stop cock 
should be placed on the steam pipe as near the model 
as convenient. 



CHAPTEE XVII 


DESIGN AND CONSTRUCTION OF MODEL BOILERS 

Efficiency of model boilers — Evaporative power — Convection currents — 
Boiler design — Pot boilers — Water-tube boilers — Marine boilers — 
Biveting model boilers — Super-beaters. 

Small boilers to drive model steam engines may be 
made according to several different designs. Some of 
these are more efficient than others from the standpoint 
of evaporative power and some are more adaptable than 
others for a specific purpose. As an example, a vertical 
pot boiler would not be as successful for use in a model 
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3Fig. 142A — ^Showing the path of convection currents in a pot boiler 



speed boat as a flash boiler would be and yet, many times, 
the flash boiler could not be employed as conveniently 
as the pot boiler in certain work. The model maker 
should therefore choose the type of boiler that is most 
adaptable to the work for which he wishes to use it. The 
following paragraphs will describe a few of the more 
common types of boilers together with information that 
will aid greatly in designing and constructing them. 

First, a few words in regard to the efficiency of boilers 
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in general. Boiler efficiency depends upon the evap- 
orative power and this, in turn, depends upon several 
things, such as the heating surface, the source of heat 
and the design of the boiler. The evaporative power of 
any boiler, whether model or large, is measured by the 
number of cubic inches of water that it changes into 
steam during a period of one minute, and from this, cal- 
culations may be made as to the power of the boiler and 



Pig. 142B — SLiowmg tlie path of convection currents in a water-tube boiler 

the size of the engine it is capable of driving. Model pot 
boilers (about 7 inches long by 3 inches in diameter) 
cannot evaporate more than % to % of a cubic inch of 
water per minute. This figures out about 1 cubic inch 
of water per every 60 square inches of .heating surface. 
This efficiency is considered very low when compared 
with a tube boiler fired with a blow lamp. Such a boiler 
will consume or evaporate as much as 1 square inch of 
water per 30 square inches of heating surface. The low 
efficiency of an ordinary boiler is due to the fact that it 
has a comparatively small heating surface in ratio to its 
size. Water tube boilers are much more efficient. 

Mhen water is heated in a vessel, violent currents 
are set up within the water and such currents are called 
“convection currents.” These currents tend to move 
from the surface to which the heat is applied. Their 
movement in a pot boiler is shown in Fig. 142A. 
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The motion and rapidity of these convection currents 
is a large factor when the efficiency of a boiler is con- 
sidered. The faster these currents move, the better the 
circulation of the water will be, and this is to be desired. 
The boiler shoAvu in Fig. 142B is the type known as 
the water-tube boiler and has a greater efficiency than 
the ordinary pot boiler because convection currents are 
set up in its tubes as shown and these currents permit a 
maximum transmission of heat from the fire or flame to 



Fig. 143 — A single-flue 'boiler made of drawn copper tu'be 

the water. For this reason, boilers embodying this prin- 
ciple have a much greater efficiency and evaporate power 
than those of ordinary design. 

A boiler known as the single-flue type is shown in 
Fig. 143. This resembles a pot boiler and, in fact, its 
efficiency is not much greater. The construction of this 
boiler, however, if followed carefully, will give the model 
maker much valuable knowledge in practical boiler con- 
struction, as it embodies all the good features of a well- 
made boiler from the standpoint of design. 
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The boiler proper may be made of either brass, cop- 
per or steel. Of the three metals, copper is by far the 
most suitable for model boiler construction. In boilers 
of small size and for low pressures, the seams and joints 
may be silver soldered, but in the larger types it is neces- 
sary to rivet the parts together. When rivets are em- 
ployed, they should have a diameter of at least 114 times 
the thickness of the boiler plate, no matter what metal 
is used in its construction. This procedure will give the 
proper factor of safety. The rivets should not be placed 



Fig. 144 — simple water-tube marine boiler 


any farther apart than four times their diameter. When 
boiler joints are silver soldered, they are generally 
riveted first to hold the seam in place until the solder is 
applied. For small boilers, silver soldering is to be 
recommended, as it gives a steam-tight seam and will 
also withstand considerable pressure without rupture. 
In many eases, when a very small boiler is to be made, 
the model maker can employ a solid drawn copper tube, 
which may be obtained on the open market. Such tubes 
are very strong and will stand up under great pressure. 
Brass and steel tubes of this nature can also be used. 

When metal tubing is used for the boiler, considera- 
ble care will have to be exercised in putting in the end 
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pieces of the boiler, as these are more apt to succurab to 
the steam pressure than the tubing itself. There are 
several methods of putting the end pieces in. In boilers 
with low" steam pressure, a metal disc can be cut which 
will fit into the end of the tube with a driving fit and, 
after it is in place, it can be silver soldered. In no case 
can ordinary solder be employed, as when this substance 



Fig. 145 — A water-tube boiler equipped with a super-beater coil 


is heated appreciably its tensile strength is reduced 
greatly and it is therefore unable to withstand any great 
pressure. If the ends of the boilers are put in place in 
this manner, it is very good practice to fix a brass rod 
concentrically in the boiler, leaving the ends projecting 
and providing them with a nut which will bear part of the 
pressure which is exerted on the end pieces. In many 
cases, the seams and joints of the boiler may be welded 
or braized, but as this necessitates the use of an elaborate 
equipment the average model maker is not able to fol- 
low’’ this practice. A flanged end plate riveted to the 
boiler is much more effective than the ordinary disc and 
this procedure is advisable when boilers of a larger type 
are constructed. A good substitute for a flanged end 
plate is shown in Fig. 150. The ring or strip is riveted 
to the boiler tube and the end plate rests against this. 

Now that the general procedure in boiler construction 
has been outlined, a brief description of several suitable 
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tj-pes of model steam engines -vvill be given. The one 
showm in Fig. 155 is of the marine type and in actual 
practice is found to steam very well, although its evap- 
orating power is not as great as that of a flash boiler. 
The boiler shown is of the semi-flash type and being that 
it sets very low it is especially adapted to model steamers 
as it would help keep the center of gravity low, and this 



Fig. 146 — A water-tube boiler with a cast waterback 


adds to the stability of any craft. It will be noticed that 
the file bos is in the shape of a tube which runs through 
the boiler. Running through the fire box, at right angles 
to each other, are six water tubes upon which the flame 
of the blow torch impinges. Water circulates through 
these boiler coils continuously when heat is applied to 
them. The fire tube should be made of steel as this metal 
IS less affected by heat, whereas copper and brass oxide 
much more rapidly. The water tubes are placed in the 
large steel tube by means of silver solder. To make a 
more substantial job, the water tubes should be cut a little 
long and when they are put in place the ends may be 
flanged as shovm in the detail drawing of the boiler. 
One end of the steel fire box is provided with a funnel 
which is riveted m place. A small hood also extends out 
over the back of the boiler, which protects the flame from 
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external air currents. The boiler should he provided with 
a safety valve and pressure gauge. A water glass should 
also be fitted to the back and the valve placed on the top 
to cheek the steam flow to the engine. 

Fig. 146 shows a very suitable type, although it 
presents more difficulties in actual construction than the 
one previously described. It is necessary to have a cast- 
ing made for the waterback ring, which is provided with 
a flange to which the boiler tube is riveted. The water- 
back ring is provided with six holes drilled as shown in 
the drawing. The water tubes are threaded and screwed 
into these holes and run from this point to the bottom 



Pig. 147 — A marine boiler provided witli a super-heater loop 


of the boiler. The method of fastening them in the bot- 
tom of the boiler is shown very clearly in the figure. A 
hole the size of the tube is first drilled in the bottom of 
the boiler and then a steel rod the same size as the tube 
is inserted in this hole and the rod is then bent to the 
same position that the water tubes will be in. After the 
holes are treated in this manner, the water tubes are 
inserted in them and they are silver soldered into place. 
This particular part of the construction is very simple, 
as the builder will not have to bend the water tubes into 
any particular shape. The boiler proper can be made of 
solid drawn copper tubing with an internal diameter of 
about 2 inches. The copper boiler tubes should have a 
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tliickness of about Vs inch and this will give a very high 
factor of safety. The back plate of the waterback ring 
can be cut from steel and it should have a thickness of 
at least inch to prevent it from bulging when the 
steam pressure reaches its maximum value. The back 



Fig. 148 — waterback for a water-tube boiler, showing how the boiler 
tube is riveted in place 


plate is screwed to the waterback casting. The whole 
boiler is enclosed in a casing bent into shape from Bns- 
sian iron and a small funnel is riveted to the top of the 
casing to carry away the fumes and gases that are gen- 
erated by the torch or fire. The inside of this easing of 
Russian iron should be heat insulated by means of sheet 
asbestos, which is fixed to its inner surface. 

The feed pipe for the engine is attached to the free 
end of the boiler and this pipe should be provided with 
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a valve. A water glass and a steam pressure gauge 
should be affixed to the back plate of the boiler. The cir- 
culation of water in this particular type of boiler is very 
good and for the ordinary model steamer, where great 
speed is not sought, this boiler is recommended. 

The boiler shown in Fig. 145 is a conventional type 
and differs from the others described in that it is pro- 



rig. 149— Another drawing of the waterhack shown in Fig. 148 


vided with a snper-heater coil. The boiler proper can 
be constructed in the ordinary manner and it is provided 
with five water tubes bent and inserted as shown in the 
drawing of the device. Being that these water tubes are 
the same shape it is well to make a small wooden form 
to bend them on so that they will all be uniform. It is 
also advisable to put. these tubes in place in the bottom 
of the boiler before the end pieces are soldered in and 
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after the super-heater coil has been wound and soldered 
into position in the bottom of the boiler. It will then be 
possible to silver solder the joint where the tubes pass 
through the boiler on both the inside and outside, insur- 
ing a good, steam-tight joint. The tubes are arranged 
as shovTi in the rear view of the boiler. The tubes can 
be of copper or steel and they should be about inch 
in diameter for use with a boiler of the dimensions shown. 



Fig. 150 — very practical method of fastening boiler end plates in place 

The fire box of the boiler is made of Eussian iron lined 
with sheet asbestos and provided with a funnel at the 
forward end. 

A modification of this particular type of boiler is 
shown in Fig. 144. The water tubes in this are arranged 
in the same manner as those on the boiler shown in 
Fig. 145. This boiler, however, is not provided with a 
super-heater coil and is therefore not as efficient as the 
one previously mentioned. The entire boiler is enclosed 
in a easing made from Russian iron and lined with sheet 
asbestos to keep it insulated. The casing of this boiler 
is not square, but of the shape shown. A boiler casing 
made according to this outline will not have as much 
metal in it as one made square and, therefore, some 
saving in weight is effected. 
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The boiler shown in Fig. 147 is very similar to that 
illustrated in Fig. 155, with the exception that it is pro- 
vided with a small super-heater loop which runs from 
the dome on the top through the water tubes in the fire 
box and leaves the front of the easing to the engine. The 


r 



Fig. 161 — Casting of a watertoack 


iiibes in this boiler are arranged just a little different 
than those in the boiler shown in Fig. 155. Three tubes 
are arranged vertically while the remaining five are ar- 
ranged at 45 degrees and cross each other at right angles. 
With this exception, the other features of this boiler can 
be constructed like that shown in Fig. 155. 

The boiler in Fig. 153 is a modified Scott type, which 
is a sort of combination flash and tube boiler. The coils 
or, rather, the loops of tubing beneath the drum, make 
the boiler a very quick steamer and, while its water is 
exhausted rather quickly, a pump added to it makes the 
outfit a presentable one. As it stands, the boiler holds 
sufficient water for a satisfying run in a race or demon- 
stration. The reader will understand that this descrip- 
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tion is supposed to pertain to the construction of the 
boiler, rather than to be a eulogy of its fine points. 

The drum is a length of brass tubing 2% inches in 
diameter and 8% inches long. The holes for the under 
loops or tubes are best drilled by packing the brass tube 
with a wooden fiiandrel which will assist in center punch- 
ing and drilling after the position of each hole has been 
marked. 

The loops are of standard copper' automobile tubing 
of the %-ineh size. This material is so delightfully soft 



and easy to work that no particular trouble will be experi- 
enced iu bending it to the required loop-shape. The 
reader will notice that the loops are in the form of horse- 
shoe magnets -wfith one leg shorter than the other. The 
loops are placed with the long and short arms alternated 
to provide for a natural thermo-syphon circulation of the 
hot water through the cold. 

To bend the loops, a jig or form should be constructed 
of hard wood by sawing out the profile with a jig saw. 
This will insure uniformity, which is at least desirable if 
not actually essential. The loops are preferably silver 
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Pig. 153 — A Scatt-type marine boiler, with fittings 
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soldered into the boiler drum. This is essential if a gaso- 
lene torch is to supply the heat. 

The boiler heads are of copper discs with the edges 
spun over to a tight fit on the drum. They are then 
secured with a long stud running the entire length of 
the boiler. Finally the joint is made doubly secure against 



Pig. 154— The bottom of the Scott boiler shown in Fig. 163 


rupture and leakage by caretul silver soldering. Care 
should be taken to make sure that the joint is actually 
‘‘sweated,” i.e., that the solder flows right through the 
joint to the inside of the boiler. The proper heat, a good 
flux, and a clean piece of work will certify to this con- 
dition. 

From one head of the boiler is taken tlie safety valve 
and super-heater pipe. This super-heater is necessary, 
as the steam from this boiler is necessarily wet and unfit 
for use unless some means may be found to dry it. The 
pipe solves the problem as it conducts the steam through 
the hottest part of the fire before passing it to the engine. 

Flash steam boilers are entirely different from any of 
those previously described in that no actual boiler is 
employed, as a coil of small pipe through which the water 
IS circulated and heated replaces the more conventional 
boiler form. The average flash boiler consists of a coil 
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of either steel or copper tubing from 2 to 3 inches in diam- 
eter containing from 8 to 30 feet of tubing. The amount 
of tubing in a flash boiler depends entirely upon the power 
that it is required to deliver. With a small engine with 
a %-ineh bore, 10 feet of %6-ineh tubing would be suffi- 
cient to drive it at maximum power. It is calculated that 
30 feet of tubing the same diameter and furnished with 
enough heat is sufficient to generate approximately 1 H.P. 
Working on the figures given above, the model maker 
should be able to construct and design a flash boiler for 
any small engine, either single or double cylinder. An- 
other factor to be considered, however, is the type of 



engine, whether it is single or double acting, as this has 
much to de with the steam consumption. 

The boiler coils for a flash steam plant should be 
made of steel, as this does not oxidize as rapidly as cop- 
per tubing and will therefore last much longer, although 
there is no serious objection to the use of copper other 
than this disadvantage. The steel tubing may be wound 
on a wooden form with a diameter of the inside dimen- 
sions that the tube is to be. The wooden form is held in 
the vise and the tube is bent around it. Before this is 
done, however, the tube should be put through a process 
of annealing so that it will not crack or break while being 
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wound. The tube may also be wound over a mandrel on 
the lathe, the lathe being turned with one hand slowly 
and the tubing guided on the mandrel with the other. 
One end of the boiler coil should be provided with a check 
valve and the other end is provided A\dth a coupling, by 
means of which it is connected to the water supply pipe. 


CHAPTER XVIII 


MODEL BOILER FITTINGS 

Design and construction of safety valves, check valves, water eacks, 
water gauges and steam gauges. 

The efficiency of a model boiler depends somewhat 
upon its fittings, such as safety valves, stop valves, cheek 
valves, et cetera. A poorly constructed, leaky valve or 
boiler fitting of any kind is just as bad as a leak in the 
boiler and will cause a serious reduction in the working 
pressure. Therefore, it is quite, necessary that a valve 
or fitting of any kind be made very accurately to insure 
maximum efficiency. 

Probably the most important fitting on a model boiler 
is the safety valve. There are many types of valves, 
each with its advantages and its disadvantages. In some 
eases, one type of valve is more adaptable for a certain 
boiler than another. A properly designed and regulated 
valve will blow off when the critical pressure is reached 
in the boiler ; below this pressure it should not leak or 
“ weep ” in the least. After the valve functions, it should 
return to its normal position immediately- the press- 
ure has fallen beyond the danger-point. Such a valve is 
not very easy to construct, although the model maker, at 
first thought, may think that it does not present any diffi- 
culties whatsoever. In designing safety valves the model 
maker must bear in mind the fact that the interior surface 
of the valve plug determines the pressure at which it 
will bio wofi — the larger the surface, th,e lower the press- 
ure needed, and vice versa. 

A very simple type of valve is shown in Fig. 156, at A. 
Although this is not strongly recommended for use on 
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Fig. 156 — ^Model boiler fittings 
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a large boiler, it will be found suitable on the smaller 
models working at very low pressure. The working press- 
ure of the valve is regulated by means of the spring 
shown. This is done by moving the nut either up or 
down ; down if the pressure is to be reduced and up if the 
pressure is to be increased. The spring should not be 
made of steel, as this will corrode and rust by the action 
of the steam, and it will be found that brass spring wire 
will be the only suitable metal for this purpose. The 
body of the valve should screw tightly into the boiler 
to prevent leakage, and great care should be taken in 
making the seating accurate. The main objection to a 
valve of this type is the large area of contact in the seat- 
ing. The larger the area of contact, the more difficult it 
will be to make the seating accurate and steam-tight. The 
least speck of dirt or projection on the metallic surface 
will cause the valve to leak badly. 

A much better valve seating is shown at Gr. This is 
generally known as the “knife-edge’’ seating and makes 
a more leak-proof valve than that described in the fore- 
going paragraph. The contacting surface is very much 
smaller and therefore the possibility of the valve becom- 
ing fouled with dirt is much more remote. Another valve 
on this principle is shown at D. This is known as the 
“ball- valve” and is very efficient for model boilers. The 
seat is made extremely sharp. The ball is of bronze and 
may be purchased on the open market. It is attached to 
a spindle, to the opposite end of which is fixed the usual 
form of spring. To make this seating as accurate as 
possible, a steel ball the same size as the bronze ball is 
placed over the valve orifice and given a sharp blow with 
a hammer. This slightly concaves the surface of the 
valve seat and makes a much better fit possible, thereby 
increasing the efficiency of the valve. The body of the 
valve may be turned from brass stock. 

Valves employing springs are not suitable for model 
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boilers of the larger type, as they are not dependable 
enough. Then there is the disadvantage of having the 
adjusting spring mthin the boiler. Larger boilers, for 
this reason, are generally provided with a weight valve. 
Such a valve, together with its various parts, is shown 
at E. The ‘‘blowing off’’ point of this particular valve 
can be easily regulated by either moving the weight on 
the lever closer or farther away from the fulcrum. As 
the weight is moved away, the pressure necessary to 
“blow” the valve will be greater, and vice versa- Such 
valves cannot be used on model boat boilers unless some 
method is employed to keep the weight in the position 
that it is set in. By carefully considering the drawing, 
the reader will find no trouble in setting about to make 
such a valve, as it involves no complications, but the 
workmanship must be good. Safety valves, as a whole, 
are cranky things to fuss with, and they cannot be made 
too accurately. They must be absolutely steam-tight and 
at the same time they must not stick. 

A very good marine safety valve of the spring type is 
shown at F, in Fig. 157. This valve, unlike many others 
of the spring type, possesses the advantage of being 
adjustable from the outside by means of the nipple 
showm. A discharge pipe for the exhausted steam is 
attached to the side of the valve casing and leads up the 
side of the ship’s funnel if the valve is used on a marine 
boiler. This exhaust pipe should be plenty large enough 
to effect a free and easy discharge of the steam. The 
proportion showm in the drawing is about right. So 
much for safety valves. 

There are innumerable designs for model steam and 
water cocks, and it frequently behooves the model engi- 
neer just w^hat type is most suitable for the problem in 
hand. The two sketches shown at G-, in Fig. 156, illus- 
trate the “on” and “off” position of a simple one-way 
valve. There is one thing that the model engineer should 
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always remember in connection with tlie making of cocks ; 
the moving member shonld always be of a different metal 
than the body. Tims if the body of the cock is made of 
gunmetal the ping shonld be made of brass or bronze. 
Bronze and good brass rod also work vei-y well togetlua-. 
Another point demanding the consideration of the worker 
is that the hole in the ping shonld not be ont of propor- 
tion to the ping itself. The proportion shown at (1 is 
abont right and if this is departed from it would be better 
to make the opening or hole in the ping smaller ratliei- 
than larger. 

A simple, straight-nosed ping cock is shown at H. 
The body of the cock shonld be made first and then the 
ping can be accnrately fitted in so that it will provide 
sufficient lap to effect complete stoppage of tlie watcvr, 
gas, steam or whatever may be passing through it. Th(( 
method employed in producing tlie tapered hole may not 
present itself to the reader at first tliouglit, and a few 
words will be said in regard to it. The hole is first drilfiid 
with an ordinary drill of the proiiei- size and tlien it is 
reamed out with a small tapered reamer made especially 
for the work. The conical reamer for- such a job (!au Ixi 
cut from a piece of steel rod and hardened. Tlie end of 
the rod that has the taper is filed half round to provide 
a cutting edge. Several such reamers can be made up 
for cocks of different sizes. The plug is then turned to 
shape and properly drilled in a small improvised jig with 
a drill the same size as that used to produce the hole in 
the body of the cock. The bottom of the plug is filled 
square for a short distance and below this it is threaded 
to receive a small nut, which holds a square-hole washer 
in place on the square portion of the phig above the nut. 
The purpose of the square-hole washer is to prevent tlie 
nut from tightening when the plug is rotated. Three-way 
and four-way valves are often employed in model engi- 
neering, and such types are shown at I, Pig. 157. These 
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valves involve practically the same problems as those 
met with in constructing the simple one-way cock. 

A very simple one-way cock of an entirely different 
type than that previously described is shown at J, Fig. 
157. This is much easier to construct, as will be readily 
seen by a glance at the drawing. The body may be made 
of gnnmetal and the screw-plug can be turned from brass. 
If the threads are cut accurately on this plug, it is much 
less liable to leak than plugs made by the other method. 
The workman will understand that the plug is turned 
from a piece of rod and threaded, after which the handle 
is bent over. It may be necessary to employ a small bend- 
ing jig to do this. Valves of this type are especially rec- 
ommended for high-pressure boilers. 

In some cases, valves of the type described above are 
not suitable for use, and the more conventional “globe” 
or “screw-down” valve must be employed. Such a valve 
is shown at K, Fig. 157. Owing to the small diameter of 
the passages it will be impossible to core them out during 
the casting of the body and it will therefore be necessary 
to drill them. An especially made tool will have to be 
used in making the valve seat. The “needle” is filed 
square at the outer end to receive a small hand wheel 
with a knurled edge. A valve very similar to this but 
with the passages differently arranged is shown at L. 
This is easier to make, as the holes are not so difficult to 
drill. 

A check valve is a valve that will freely permit water 
to pass in one direction, but entirely prevents its passage 
in the opposite direction, the latter claim being made with 
the assumption that the valve is designed and constructed 
properly. A check valve of the ball type is shown at M. 
The body can be east and drilled out. A sjlecial tool will 
also have to be used here to form the valve seating. The 
valve proper is a small brass ball of the correct size. The 
normal position of this ball is shown, but when water 
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enters from the feed-pipe the ball is forced np against the 
surface of the small cap. screwed in the top of the valve 
body. If, however, water attempts to pass in the oppo- 
site direction due to back pressure, the hall immediately 
returns to its seating and thereby closes the passage. The 
course to pursue in constructing this valve is so obvious 
that a detailed description of the procedure is considered 
unnecessary. 

There is probably no other model boiler fitting that 
offers more problems to the model engineer than the 
water glass or gauge. On very small water glasses, great 
trouble is experienced due to capillary action of the water 
in the glass tube, as this sometimes entirely overcomes 
the gravitational force that would otherwise keep the 
water at the proper level — that which corresponds with 
the level of the water inside the boiler. The operation 
of a water gauge is shown at N, in Fig. 157. A simple 
water gauge is illustrated at 0, in Fig. 158, and the prin- 
cipal part of this is a glass tube of small bore bent as 
shown. The bending of the glass tube can be done in a 
hot flame, and if the builder is not sufficiently acquainted 
vnth the bending of glass he may call upon some of his 
chemical friends. Unless done by an experienced person, 
the glass is very apt to kink at the corners. This water 
gauge is not suitable for very large boilers. The one 
shown at P is a much better design and does not present 
any more difficulties in construction. The packing gland 
should be put in place very carefully to prevent leakage, 
as this is very apt to occur if the steam pressure is high. 
Unless the parts are very accurately made, and the holes 
in both the upper and lower portion are in perfect align- 
ment, the glass tube is apt to be broken when it is put in 
place. The joints of this device are silver soldered, as 
noted in the sketch. A very elaborate water gauge ap- 
pears at Q. This is especially suitable for boilers of the 
larger type. It is provided with one-way cocks at each 
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end, as well as cleaning plugs, wMch are cliaracteristie of 
the larger devices. The cocks are provided to check the 
water should the glass become broken through accident. 
The cock at the bottom is used to clear the glass of mud 
or dirt if the water level becomes obscure through thi s 
cause. It is very advisable to fit water gauges with small 
guards not only to prevent the glass from being broken 
on the outside, but to offer some protection to the oper- 
ator should the steam pressure become so high that the 
glass is unable to hold it. This is not a remote possi- 
bility, and owing to the very fragile nature of glass, the 
pieces would fly in every direction. 

A very simple form of hand force pump for feeding a 
boiler is illustrated at R, in Fig. 158. A valuable feature 
of this pump is the means provided to limit its stroke. 
When used in connection with a steam pressure of over 
50 pounds the bore of this pump should not be over % 
inch, as otherwise it will be most difficult to operate by 
hand owing to the steam pressure that will have to be 
overcome. The delivery valve is provided with a %6-inch 
projection across the top to obviate the possibility of its 
blocking up the passage to the union when it rises. A 
small recess is filed at the bottom of the pump to admit 
the water. 

A more powerful band pump for use with higher 
steam pressures is shown at S. This force pump also has 
a greater pumping capacity than the one previously de- 
scribed. The plunger of this pump is very long and is 
provided with several packing glands and double cup 
leathers. By altering the length of the operating lever, 
this pump can be used on quite high pressures, as the 
longer the handle is the greater the leverage and thereby 
the greater force the operator is able to overcome. 

A simple form of pressure gauge for model boilers 
appears at U. This operates on the “Bourdon” prin- 
ciple, i.e., a steam pressure inside a bent tube tends to 
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straighten the tube out. Advantage is taken of this by 
arranging the elements of the pressure gauge as shoAvn. 
The higher the steam pressure is in the tube, the more 
its tendency will be to straighten out. This causes the 
pointer which is connected with the tube to move across 
a dial which is properly calibrated to indicate the steam 
pressure in pounds per square inch. The writer has heard 
of instances where an ordinary automobile tire gauge 
was employed successfully to indicate steam pressure on 
a model boiler. 



CHAPTEE XIX 


A RECOED-BREAKIITG MODEL HYDROPLASTE 

The hull of the boat — ^Its flash boiler and twin-cylinder, high-speed 

steam engine. 

The model described in this chapter* is the result of 
considerable experimentation, both in the making of vari- 
ous types of hulls and power plant equipment. The craft 
was really made to bring the model speed boat record 
from England to America, and in tests “Elmara” has 



Fig. 159 — ‘ ‘Elmara’ * at a thirty-mile clip 


shown a speed slightly in excess of 30 miles per hour. 
The English record held by the ''Evil Spirit'' is 26.7 
.miles per hour. 

The dimensions of the hull are as follows: Length 
39.3/ incheSj beam 7% inches, step inches high, sides 
forward of the step 4^ inches high, sides directly back 
of the step, 3 inches high. The distance from the bow 
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o the step is 17% inches. The weight of the complete hull 
3 2 pounds 1% ounces.' 

Only two materials are used in the construction of 
he hull — aluminum and mahogany. Mahogany is a very 
trong wood, will take a smooth finish and is more or less 



naffected by moisture. The pattern of the sides of the 
oat are first cut out of paper and this paper is pasted 
ti a piece of dressed mahogany % inch thick. The ma- 
ogany is then cut into shape. The bow piece is cut out 
E solid mahogany and shaped as shown in Pig. 164. 



Fig. 161 — The bottom of the boat 


ijuare mahogany strips are then cut out and fastened 

• the inside of the side piece hy means of shellac and 
}-inch brass brads. The bottom of the craft is made 

* No. 22 gauge sheet aluminum and this is fastened to 
te square mahogany strips, as the sides of the boat are 
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only % ineli thick and it would be next to impossible to 
fasten the aluminum to these without splitting them. The 
aluminum is also fastened by means of sliellae and %-inch 
brass brads. The shellac tends to make tlie boat water- 
tight, while the brads hold the aluminum rigidly in ])lace. 
The aluminum bottom does not run complet(dy ov(u- the 
bow piece, but merely overlaps it sufficiently to bo fas- 
tened to it by means of the brass brads. The single st(^p 
in the bottom of the boat is formed by a maliogany strip 
through which the propeller shaft tulx^ runs aiid tlie 
water scoop. The back of the boat is also made up of 



Fig. 162 — The boiler coil and boiler casing of the power plant 

mahogany. A small aluminum hood is bent into shape 
and this is fixed to the bow of the boat and prevents 
water from reaching the engine and also riiduces air re- 
sistance. 

The builder is cautioned to use extreme care in making 
this hull, as every detail must be paid attention to in the 
construction of model racing boats, and a hull put to- 
gether carelessly cannot be expected to attain great speed. 
Attention must be paid to the most minute details, such 
as perfect balance, wind resistance, water resistance, etc. 
The wooden portion of the hull should be rubbed down 
well and thoroughly shellacked, applying the shellac with 
a camel s-hair brush so that it will leave the surface bright 
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and smooth. The hull of ''Elmara” is so designed that 
it will plane at a speed of fifteen miles per hour. 

While some experimenting has been done with pro- 
pellers for use on this boat, the best results have been 
obtained with a east aluminum propeller of 3%6-ineh 
diameter and a pitch of 10.2. When the craft is at full 
speed, the propeller turns over at 4,000 E.P.M. The pro- 


HOOD 



BOTTOM- 
Fig. 164 — How the bow piece is held in place 


peller shaft or stern tube is made o.f %-inch brass tubing 
with brass bushings soldered in at each eiui These bush- 
ings are drilled for a %6-inch silvered steel shaft. The 
skeg is made up from flat and round brass stock and 
screwed to the skeg bearer. 

The rudder can be made either of brass or aluminum 
and is fixed in place so that the boat will run in a straight 
course. It will be found necessary to bend the rudder 
slightly to one side, as the boat has a noticeable tendency 
to turn in the same direction that the propeller is re- 
volving. 

The flash steam boiler of ^^Elmara^^ consists of 18 
feet of %6-inch O.D. seamless steel tubing of 22 gauge. 
This is wound in a single spiral on a 1%-inch mandrel. 
To avoid trouble it is advisable to thoroughly anneal the 
steel tubing before it is wound. The casing, which covers 
the boiler coil, is bent into shape from 22-gauge Eussian 
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jon. The ends are all lap-seamed and the funnel is 
ianged at the bottom and riveted to the boiler casing, 
[n making the casing, a clearance of at least % inch 
ihould be left all around the boiler coil. When completed, 
;he casing is lined with sheet asbestos having a thickness 
)f % inch. The boiler is mounted on a small frame made 
)f square mahogany strips. 

A little trouble will be had in making the boat keep 
L straight course when in operation and the experience 
tf the builder has shown that if the propeller is mounted 
ust a little off center in the opposite direction to which 
he propeller turns this will have a tendency to make the 

i 
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Fig. 165 — Showing how the aluminum "bottom is held to 
the sides of the hull 

oat follow a straight course. The amount of offset 
ecessary will have to be proven by experiment, and it 
ill he found that very little is necessary. 

If the builder desires, the bow piece can be made eon- 
•derahly lighter by boring a large hole through it with 
a auger. In fastening the bottom to this piece, the wood 
lould be cut away so that the surface of the aluminum 
ill be flush with the surface of the how piece. Otherwise 
le edge of the aluminum will have a tendency to prevent 
le boat from planing, owing to the resistance it would 
.ve to the water. 

The water scoop consists of a small semicircular 
.ece of copper tubing with an internal diameter of 
ch and arranged in the wooden portion of the step. 
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The water scoop is connected to a small water tank, which 
will be described later. 

Unless the builder is anxious to keep the w^eigiit of the 
hull dowm as low as possible, it is advisable to cover the 
sides next to the boiler with asbestos or light sheet alumi- 
num to prevent it from catching fire from the heat of the 
blow torch. It is very inconvenient to have this happen 



Fig. 166 — The twin-cylinder engine used on the "boat 


when the craft is in the center of the lake and no row- 
boat is handy. 

The power plant of the boat is especially interesting 
from the standpoint of model steam engineering. It pos- 
sesses several unique and original features of construc- 
tion and operation, although a glance at the photograph 
may eomfince the reader that it is nothing extraordinary. 

The main castings of the engine are of aluminum. 
Only two eastings are used in the engine itself — the upper 
or cylinder portion and the crankcase. The cylinders of 
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the engine, which have a bore of inch, are cnt from 
Shelby steel tubing. The cylinders are reamed out and 
lapped before they are inserted in the easting, as shovm 
in the cross-section drawing of the engine. Fig. 171. The 
main easting is, of course, carefully bored or drilled out 
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Fig. 167 — The oil and "water tank for the engine and boiler 


so that a good driving fit is made. The lower portion 
of the steel tubing is turned to a slight taper and this / 
holds the cylinder rigidly in place. The casting is so 
made that after the cylinders are in place there will be 
a recess around them, and this is made to act as an 
exhaust chamber, as will be explained later in connection 
with the valve action. The cylinders are provided with 
20 auxiliary exhaust ports which are drilled with a 
M,G-ineh drill and spaced ecpadistant. At the extreme 
limit of the domi-stroke, the cylinders uncover these 
auxiliary exhaust ports and this places them in commu- 
nication with the exhaust chamber, permitting about 60 
per cent of the steam left in the cylinders to leave. The 
drawing shows the one cylinder in the exhaust position 
with the auxiliary ports completely uncovered. If the 
cylinders project any at the top of the easting after they 
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are driven in place, they should be gronnd off perfectly 
flush with the top of the engine, as the cover plate, which 
is described later, must lay absolutely flat to prevent a 
possible leakage. A small recess M.6-inch deep is filed 
in the side of each cylinder at the top and the cylinders 
are so rdounted in the casting that these recesses will 
be exactly opposite each other so that they will form a 
communication wflth the steam chest, as will be explained 
more fully in connection with the valve mechanism. 

The crankshaft is turned from a solid piece of cold 
roll steel. The connecting rods are also turned into shape 
from cold roll steel. A split brass bearing is used on the 
crankshaft end of the connecting rods and these are held 
together by means of two small machine screws, one on 
each side. The lower portion of the brass bearing is 
counter-bored to receive the round head of the machine 
screws used. The screws extend through both halves of 
the bearing into the end of the connecting rod which is 
drilled and tapped to receive them. While this method 
may hold the bearing in place, the orig-inal engine has 
small pias driven through the upper half of the bearing 
into the lower end of the connecting rod. The pistons 
are turned to size from cold roll steel and bored out. 
This gives a solid piston which is absolutely necessary 
with an engine of this nature working on high-pressure 
flash steam. A previous power plant of “Elmara” had 
an engine "with the tops of the pistons silver soldered into 
place. One day the engine refused to go and investiga- 
tion showed that one of the piston tops had come off, the 
extreme heat of the flash steam having melted it or come 
so close to melting it that its tensile strength fell below 
the critical point. It is best to make a solid piston in the 
first place as flash steam is unsatisfactory with silver 
solder. The pistons are provided Avith piston rings, and 
these are an absolute necessity with the high pressure 
employed. Each piston has two piston rings. A hole 



A Record-Breaking Model Hydroplane 251 

is drilled completely throngli the top of the pistons to 
accommodate the wrist pin, which is a small piece of cold 
roU steel rod of the proper size. The ends of the wrist 
pin are filed to conform with the internal outline of the 
cylinder and finished off smoothly so that they will not 
scratch the cylinder walls. 

The small brass bevel gear which drives the valve 
shaft is drilled and pinned to the crankshaft. Very little 
strain in actual operation makes it unnecessary to key 



Fig. 168 — The engine, showing the hand water pump and the oil pump 


this member to the crankshaft. A small universal joint 
is placed on the crankshaft just back of the bevel gear 
and this is also pinned into place with as heavy a pin as 
the quarter-inch shaft will allow. Owing to the fact that 
this universal joint forms the connection with the pro- 
peller shaft, it has to hold up under considerable force, 
as nearly a horse-power of energy is transmitted to the 
propeller when the boat is at high speed. This method of 
fixing the universal joint to the crankshaft is open to crit- 
icism, but in the case of the “Elmar a” the trouble experi- 
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(‘ih‘.(h 1 with it has Ixhmi (^x(X‘(‘(lin,i;iy small in (‘oinparison 
with th« troiil)lo ha<l I'roiu otlmr source's, 'Thee uuiveersal 
joint used is inadc! by tlue lioston (loai' Works and is the 
sniallost stock Joint made l)y tlu'see iHeople. 

A._v(!ry s])(!<‘ial incdhod was emiployeid to liohl the 
tlywluHil on the crankshaft. Idue spur i^enir ou thee (vnd of 
tlue shaft wliich meshes with tin' larf>'(‘r pump f>-(iar is 
sold(U‘(Hi to a sleeve and tlu% flywiuHel is drilh'd out and 
l•('am(^d so that this shxwe will ])ass into tine hohe in the 
Ilywheed with a drivin^j;' (it. d’lK'. slee\'(> is tln-n drilhed out 
and reamed so that it will lit on ilui ('ranksliaft with a 



Fig. 109 — End view of the engine 


driving lit. These mmnbers are then mountiHl npon the 
shaft and a hoth^ drilhul through the huh of the flywlnud, 
th(i sleeve and the crankshaft. A small st(*el pin is tluai 
driven in this hole, which holds the flywheel in place, as 
well as the spur gear. 

The valve will now be (ixplained, together with the 
steam chest. The steam chest is formed by a small box 
cut out from solid steel and provided with a cover plate 
of steel which projects over the sides. The overlapping 
portion of the plate is drilled so that it may bo fastened 
to the top of the engine hy means of the long machine 
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Fig. 170 — General plan of the engine and fittings 
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screws, as clearly shown in the drawing of the engine. 
The amount of the projection should not be made too 
great, otherwise the cover plate will have a tendency to 
buckle up in the center when the machine screws are 
tightened. A hole is drilled in each end of the stream 
chest, one for the valve spindle and the other for the 
packing gland. The valve spindle guide is turned from 
brass. All the remaining parts of the steam chest and 
valve are made from steel. The valve is extremely sim- 
ple and consists merely of a small block of steel with a 
recess chiseled in the center as shown. The adjusting 
nut on the valve spindle rests between two shoulders on 
the valve so that the stroke of the valve or, rather, its 
oscillating motion, can be regulated. After the threads 
on the valve spindle are cut, it will be necessary to turn 
those on the end of the spindle off that fits into the spin- 
dle guide. The valve spindle extends through the packing 
gland and has attached to its outer end a small slot cut 
from steel. The eccentric or valve crank consists merely 
of a small steel disc mounted on the upper end of the 
valve shaft with a small machine screw placed between 
its periphery and center. This screw passes through a 
tiny steel block, which fits in the slot on the valve spindle. 
The small steel disc has a collar by means of which it is 
pinned to the valve shaft. This collar rests on a small 
projection on the end of the engine easting which forms 
a bearing for the valve shaft. A similar projection forms 
the lower bearing. These bearings are not bushed, as 
this has been found unnecessary. At the lower end of the 
valve shaft, another small brass bevel gear is fixed with a 
steel pin, and this meshes with a similar brass gear that 
was placed on the crankshaft previously. 

Three slots are cut in the top plate of the engine, one 
large one with two smaller ones on each side. The small 
ones are the Met ports from the steam chest, and the 
larger one is the exhaust port. The two small slots form 
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a passage to the cylinders by means of the two recesses 
filed in the top of the cylinders, as explained in a previ- 
ous paragraph. These slots come directly over the re- 
cesses, as shown in the cross section drawing of the en- 
gine, Fig. 171. Between the pistons, and directly under 
the larger exhaust port, a %-ineh hole is drilled. The 
exhaust slot communicates with this hole and the engines 



exhaust steam therefore comes out at both sides. Be- 
tween the cylinders and on each side of the engine cast- 
ing, two %-inch holes are drilled from beneath up through 
the easting until they meet the horizontal hole that was 
previously drilled between the cylinders. This enables 
the exhaust steam from the auxiliary ports to pass into 
the regular exhaust of the engine. After these two holes 
are drilled, the lower ends are stopped with a brass plug. 
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Another small hole is drilled in the side of the engine 
casting, which communicates with the exhaust chamber 
and this acts as a drip for the steam that condenses into 
water. By using this method, lagging on the cylinders 
has been found unnecessary and the efficiency of the 
engine is not impaired in the least. 

An auxiliary structure of sheet metal holds the pumps 
and pumping mechanism to the engine. Two water pumps 
are proffided, one being the hand operated pump to start 
the engine with and the other the power operated pump 
driving off the main shaft through a train of two gears. 
The small spur gear fastened to the shaft in front of the 
fl^swheel drives the larger gear to which the connecting 
rod of the water pump is attached. The side arrangement 
for altering the stroke of the pump is arranged for. An 
arm is attached to the gear, being pivoted to one end 
vith a screw having a slot in the opposite end through 
w'hieh the machine screw is passed. In the center of the 
arm, the connecting rod of the pump is attached. By 
using a set screw on the arm and bringing it either closer 
or farther away from the center of the gear wheel adjusts 
the stroke of the pump within quite a wide range. The 
hand water pump is actuated by a large steel lever or 
handle. H 

The larger gear wheel which drives the water pump, 
is fixed on the end of the shaft, which has one of its 
bearings at the opposite end of the engine. Mounted 
directly behind the larger gear wheel on the steel shaft 
is a worm gear which meshes with a small spur gear 
used to drive the pump. The connecting rod of the pump 
is attached to the edge of this spur gear, the ratio being 
100 : 1. A small pipe leads through the oil pump directly 
into the steam chest of the engine, where the oil mixes 
itself with the hot steam and is carried into the cylinders 
of the engine. The gears of the power water pump have 
a ratio of 5 : 1. The bore of the water pump is % inch. 
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The stroke of the water pump is variable from % to %c 
inch and the bore is % inch. The oil pump also has a 
bore of % i^^ch and a stroke of % inch to ^ inch. 

The complete engine is mounted on an aluminum plate 
with a thickness of % inch and this is anchored on cross 
pieces or bearers in the boat hull. Four machine screws, 
one on each corner of the base, is used to hold it. 

In the design and construction of this engine, the 
builder is more or less indebted to Mr. H. H. Groves and 
Mr. Westmoreland,, of England, who are pioneers in the 
use of flash steam and whose instructive articles have 
appeared in past issues of the Model Engineer. 



CHAPTEE XX 


A MODEL LAKE EKBIGHTEK 

Building the boat hull — The power plant and construction of the deck 

fittings. 

The model described in this article is that of a bulk 
freighter of canal size such as nsed in the transportation 
of grain and ore on the Great Lakes, particularly between 
Fort William and Montreal. The overall length of the 
prototype is 260 feet and larger boats of this nature are 
made up to 650 feet in length. 

The hull of the model is 4 feet long overall and the 
length between the perpendiculars is 3 feet 9% inches. 
The beam at the water line is 8 inches and the draught 
extreme is 4l^ inches. The displacement at this draught 
is 4014 pounds in fresh water. It will be necessary to 
use some ballast on the model in order to bring her down 
to the designed water line. 

In the following lines only a few general construc- 
tional hints will be given, as the drawings are complete in 
every detail and, with these as an aid, the constructor 
will not have much trouble in making the vessel. The 
table of offsets which is given herewith should be referred 
to constantly, and with this as a key to the complete plan 
shown in Fig. 174, the builder will be able to proceed 
intelligently. 

The hull can be very easily produced by the bread- 
and-butter principle. For those who are not familiar 
with this method of construction, a few words will be 
advisa,ble. The hull is made up of ten planks and each 
plank is gouged out with a chisel. The plank which forms 
the bottom of the boat is not gouged, but is shaped with 
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a draw-knife to conform wdth the ontline shown in Pig. 
176. The next plank is gouged out and this is then glued 
to the bottom plank and so on until the entire hull is 
built up. After the shapes are drawn on the %-in.cli pine 
planks used, the planks are roughed up nearly to shape 
'with a draw-lniife and after they are all produced in this 
manner their surfaces are smeared with glue and put 
together with small brass brads. The brads are placed 
1 inch apart. The hull is then finished wdth a plane and 
sandpaper, being brought to a smooth surface before the 
paint is applied. 

The deck is made from a piece of lA-inch pine board 
and the hatch openings are cut in this. It will be noticed 
that there are seven hatches. Six of these are provided 
for loading the hull and the seventh one, toward the 
stern of the boat, is much larger than the rest and is 
intended for making adjustments on the power plant. 
The deck is held to shape and in place on the hull by the 
deck beams which are mortised into the side of the bull. 
A rub-streak of lA-inch square pine is tacked on each side 
just below the sheer. The sides of the hatches and covers 
can be made from cigar box wood and may be held in 
place by means of glue and small tacks. 

The deck house, chart house and wheel house, as well 
as the bridge, are made of tin, bent and soldered into 
shape. The bridge is equipped with spray cloths made of 
fine white linen. The port fights in the deck house and 
sides of the hull are made of brass and provided wdth 
pieces of mica glued in place to represent glass. 

The life boats carried on top of the engine casing are 
"whittled out of a solid piece of wood and painted white 
and properly lettered and numbered. The life boats are 
held by means of string to brackets bent into shape from 
iron stove-pipe "vpire. 

The engine is of the two-cylinder marine type and 
has a l-inch more and a 1-inch stroke and drives a 
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4-inch propeller 3 inches in diameter, with a pitch of 2%. 
inches. This is fastened to the propeller shaft l)y nutans 
of a lock nut. The propeller will be a matter of (experi- 
ment until the best results are obtained. The propceller 
shaft is a ^-inch steel rod and the stuffing box is turned 
from solid brass with a cavity for packing at tin; in- 
board end. 

The boiler is made from seamless copper tubing and 
is 4 inches in diameter by 5% inelics long. It is provided 
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Pig. 175 — The tahle of offsets which should be constantly referred to 
in building the boat 


with one fire tube which is 1 inch in diameter and four 
cross tubes % inch in diameter. All the tubes art' silver 
soWered into place. The boiler is fired by a blow tordi 
using gasolene under pressure. The boiler is etpuipptid 
with a safety valve, filling plug, pressure gauge and wattir 
gauge. The funnel measures 1 inch wide by ly^ inches 
long, and extends 4 inches above the engine casing. The 
e:^aust steam from the engine is carried up the waste 
pipe aft of the funnel. The deck fittings forward con- 
sist of a steering boom, two bullards, two fairh,eads and 
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four life buoys for the bridge. On the main deck are six 
bullards and two cowl ventilators % inch in diameter. 
The fore mast is properly stayed and fitted with rat- 
lines. The main mast is properly fitted and stayed and 
the rigging consists of silk fishing line. The rudder of 



the boat is made of sheet brass and is fitted with a 
quadrant. 

The hull of the model is painted black above the 
water line and red below the water line. The deck and 
hatches are painted deep maroon and the chart house, 
wheel house and engine easing are painted black. The 
funnel is painted red with a black top. The ventilators 
are painted white on the outside and red on the inside. 


CHAPTER SXI 


A SHAEPIE-TYPE MODEL BOAT 

Making the mahogany hull — Power plant — Construction of npeeial 

alcohol burner. 

The majority of model boat builders lack the skill 
to get a block of %vood, shape the outside and then get 
do'wm to the real job of hollowing it out with gouging 
tools to the desired thickness without breaking through- 
T\Tiat is wanted for a model speed boat is a type of hull 
capable of being driven at considerable speed with the 



Fig. 177 — ^The model speed boat complete 

least possible water resistance and consequently with 
the least possible power. 

The “Experiment” has no curves except the sides. 
Floor and sheer lines are absolutely straight from bow 
to stern, A glance at the drawing will give one the im- 
pression that the boat is utterly unsuitable for speed, 
yet the boat has run at the rate of 6% miles an hour with 
an ordinary boiler and engine. 

To begin with, make full-size drawings of the boat; 
its plan and cross section. Make two wooden molds, one 
for the cross section about one-third of the distance from 
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bow, and another about, or, better still, a trifle behind 
center. The bow piece and stern piece should next be 
made of good clean pieces of oak, free from knots. After 



Tig. 179 — The hoat -with the deck removed. The hand water pump is 
shown at the right 

this prehminary work has been done, the bow piece molds 
and stem piece can be mounted and nailed on a board 
as shown in Fig. 180. 

The foUoiidng is needed: About 12 feet of %6-inch 
mahogany 9 inches mde, some odd pieces of %-inch oak 
for knees and a piece of oak about 1% inches thick for 
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the Tbow. The sides are marked oat and shaped from 
the drawing; both exactly alike. The bow piece is 
planed into a triangular section and rebated to take the 
fore end of the side planks. The stern piece is made 



Pig. 180 — ^How the hull of the hoat is assembled 

of ^ inch oak and beveled to fit into the sides. In the 
actual building, the sides are secured to the bow piece 
by brass screws (No. 1, %-inch wo.od screws) and then 
spi'ung out and the molds fitted; the transom being 



rig. 181 — The Scott semi-flash hoiler used on the “Experiment” 


finally fixed in place. This is fastened by angle pieces of 
sheet aluminum bent to fit in the angle between the sides 
and the stern pieces. The angle pieces are first screwed 
to the side planks 1^4 inch forward of the aft edge of the 
sides, the stern piece being finally fitted into place and 
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secured by screws through the side planks at the edge 
of the stern piece. The holes for all these screws should 
be drilled in order to avoid splitting the side planks with 
wood screws. 

Plane off the floor edge of the side planks perfectly 
level. The floor is next fitted. Lay the floor board into 
place and mark off all around the side planks. Then take 
it off and rough out the shape and nail it into place with 
brass brads. Drill all the holes for the brads to prevent 
splitting. Before doing this, paint the edge of the sides 
with thick paint. After the floor board is fastened lirmly 



Fig. 182 — The alcohol burner used to fire the boiler 


into place, plane off the edge, flush with the sides. The 
molds can now be removed and the knees, cross-brac(is 
and engine mounts fitted. The knees are fastened by 
first being glued into place and then two screws are put 
into each leg. The after-deck is a piece of •'Mo-inch ma- 
hogany permanently fastened down with brackets. The 
remaining jobs are making the turtle deck out of a thin 
sheet of aluminum and the fitting of the shaft skeg, which 
is a piece of l-inch square oak drilled to take the pro- 
peller shaft stuffing box. This stuffing box is nothing 
more than a piece of %-inch diameter tubing pluggoid at 
each end for about % of an inch with brass and drilled 
the size of the propeller shaft that is going to be used. 
When the shaft is finally put in place, the tube should 
be fiUed with vaseline thinned out with a little oil. If 
the builder has been careful of the outside surfaces of 
the hull, he can make a natural wood finish highly polished 
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and with a polished brass cut-water put onto .the bow, a 
very pleasing model can be produced. 

The “Speedy” engine, described in Chapter IX, and 
the water tube boiler, which is described in Chapter 
XVII, Fig. 153, would make a splendid power plant for 
this boat. The boiler can be fired by an alcohol tray 
burner, with an automatic feed arrangement which pre- 
vents the burner from overflowing. 

In constructing the burner, the tray can be made 
about 6 inches long, 1 inch wide and 1 inch deep. At 



the bottom is a %6-inch brass tube with pin holes. This 
is covered with asbestos wool, as per Fig. 182. The 
alcohol tank, which embodies the automatic feed device,, 
is shown in Fig. 183 and can be built out of a cocoa can 
with a small chamber, C, soldered onto the side at the 
bottom with air tube A and intermediate passage I, as 
shown in the drawing. There should also be ■ a filling 
plug, F, which should screw down airtight on a .leather 
washer. The successful working of this burner depends 
upon the alcohol tank being perfectly airtight. 

The plunger pump drawing shows this necessary 
attachment very clearly and needs no further explana- 
tion. The boiler feed pipe goes to the cheek valve on 
the boiler. 
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The propeller Ih hiiilf. up, 11 h‘ hlades IxMti.a,' soldered 
onto a hub which is drilled and t:ipp(‘d for set scianva. 
TiH^ pitch of tlui blades ciin only Ix' deici-miiuxl by experi- 
ineiit when the boat is tri(xl out. 

The rudder is of thin slnud; brass soldered to the 
rudder post of i/|-i;ncli diannd.er bi-ass I'od. 



As an afterthouf^ht, a batch can bt' built in tin' turtle 
deck ov(vr the (Uigine lai'.a:(! (snou.i’-h to allow for oiling' 
and adjusting- tlu^ engiiu^. 

The alcohol burner 'wdll function betl.(U’ if tlui asb(^Ht()s 
wool is underlaid with absorlxuit cotton, as I bis inateriul 
possesses a greabir capillary attraction than the asbcistos 
and the feed will therefore Ixi jnore satisfactory. 



CHAPTER XXII 


A MODEL SUBMABINE CHASEB 

Method of constructing- the hull — Electric power plant and transmission — 

Deck fittings. 

This little craft is 34 inches long, 5% inches beam, and 
it draws approximately an inch of water when loaded 
with driving mechanism and battery. The drive is by 
means of a single screw connected with a battery motor 



Fig. 185 — The submarine chaser complete 


placed w'ell forward. The propeller shaft housing is 
securely held in its proper relation to the hull by means 
of brackets formed by bending annealed brass strip to 
tlie proper shape and afterward filing it thin and smooth. 
One bracket, the inside one, is soldered to the shaft tube 
in order that a firm bearing may be secured at the point 
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where the power is transmitted from motor to propeller 
shaft. The coupling is the simple type comprising a 
short length of coiled brass spring. The outside bracket 
must, obviously, be left unsoldered in order that the 
shaft tube may be inserted through the hull. 

The motor was removed from its cast iron base and 
supported between angles of brass bar, as shown very 
clearly in Fig. 192. This method of mounting makes 
possible the alignment of the motor shaft with reason- 



Fig. 187 — The stem of the submarine chaser 


able accuracy. The flexible coupling takes care of what- 
ever inaccuracy exists between the motor and propeller 
■shafts. 

The rudder is of the balanced type and of very simple 
construction. The profile is traced upon a sheet of brass 
and the blade cut roughly with snips and finished with 
grinder or file. The rudder post is a length of brass 
rod split with the hack saw sufficiently to take the rudder 
blade. A hole is drilled and an escutcheon pin inserted 
near the end. This pin is then headed over to draw up 
the halves of the split rod in order that the ma^'' be 
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neatly soldered. After this important operation has been 
performed, the head of the rivet may be ground or filed 
off and the job smoothed up with emery cloth. 

The rudder post passes through a tube of brass fitted 
with a suitable flange at the top to provide a nice finish. 
The tiller is a short length of smaller brass rod inserted 



Fig. 188 — A view of the cabin on the chaser 


as shown in the illustrations. No particular provision 
has been made in our model to hold the tiller in any 
desired position. This might readily have been done by 
forming a segment of a circle of brass sheeting with 
depressions at the desired points to engage the tiller. 

Two pieces of 1%-inch thick sugar pine form the body 
of the hull. They are worked out roughly to finished 
shape on the jig saw, formed up with the draw-knife and 
finished with spoke-shave and sandpaper. 

The inside of the hull is hollowed out before the two 
pieces of pine are permanently cemented together. The 
lower piece is bored and gouged out. One of the photo- 
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graphs shows the method employed to hold the stock to 
the bench while the gouge is being used. The bit of stock 
supporting the motor and the propeller shaft bearing is 
left in position, the gouge being worked around it. 

The two pieces are then cemented together with a 
mixture of white lead, whiting, bath tub enamel and 
japan drier. The paste is smeared liberally on both faces 
to be joined ; they are then subjected to pressure by means 
of furniture clamps or any other convenient method. The 
cement will harden in three days. It is well to use a few 
very slender brads in joining the hull planks to assist 



Pig. 189 — The how of the boat, showing the deck gun 


in making the structure rigid. If the walls are brought 
down as thin as they should be, this task of placing brads 
will be a delicate one. The expedient employed was to 
drill down through the gunwale with a No. 55 drill to 
insure a straight path for each brad. 

The deck and forward superstructure, if such it may 
be called, are integral, A piece of %-inch stock runs 
over the entire huU while the rise forward is formed 
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by the addition of a piece of %-inch stock to this t 
decking forward. The deck and its companion piece . 
secured after being finished closely to shape in the v: 
The superstructure should he hollowed out a bit if p 
sible to decrease the weight at this critical height. 

The gunwale is a length of %6-ineh square stock r- 
niug the circuit of the deck. The gunwale is pain 



Fig. 190 — ^How the hoards that compose the boat are gouged out. !! 
complete hull is shown above 

gray while the deck is stained and varnished after t 
“plank lines” have been laid in it. These lines a 
merely score marks made with a scriber to imitate t 
lines of the usual deck planks. 

The “conning tower” is of wood, hollowed ont to t 


A Model Submarine Chaser 


279 


thinnest possible degree and decked over with cigar box 
wood. The structure is made removable so that access 
may be had to the battery amidships. 

The port holes are finished with short pieces of brass 
pipe cut off in the lathe with a parting tool so ground 



Big. 191 — ^Half sections of the submarine chaser hull 


as to produce the desired finish on the face of each port. 
A bit of celluloid placed in each hole in back of the brass 
collar gives the desired semblance of glass. The holes 
in the hull and conning tower are % inch in diameter to 
make a snug fit for the brass collars which are forced 
into position after the hull has been painted. 

The wireless aerial rigging and the spars are turned 
up from clean dowel rod. The little insulators are bits 
of %6-iuch dowel rotated at very high speed in a drill 
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chuck in the Jathe and turned to the desired shape with 
a very sharp tool. The chief difficulty will he met and 
overcome if these two precautions are exercised. 

The railings and stanchions are i-esp(xdively of hard, 
smooth linen thread and slender steel brads. The heads 
are inserted into holes drilled at the proper places. Care 



Fig. 192 — ^The propeller shaft in the stem tube and the driving motor 


should be taken in driving tlie brads to make them all 
of the same height. Tlie thixnul is taken oven- (nwih 
stanchion in a half hitch which enables the constriK'tor 
to draw the lines tightly, making the apixfurain'e neat 
and trim. Both railings and stanch IoUkS are paint(>d gray. 

The little doors in the conning tower are of cigar ho-K 
wood, carved to resemble the door and casing an<l secured 
to the tower by means of the marine cement and a few 
brads made from cut-off pins. 


CHAPTEE XXIII 


A MODEL STJBMARISrE WITH RADIO CONTROL* 

Building the hull and superstructure — The radio control mechanism-— 
Electric power plant — Special two-point relay — ^Automatic apparatus. 

The hull of the submarine is nearly eight feet in 
length and, with machinery and ballast installed, the 
weight is a good 175 pounds without water ballast. The 
hull is patterned somewhat after the Lake ship-section 
submersible, but the characteristic design is carried a 



Fig. 193 — The hull of the suTbmarine completed 


step farther, giving EM2 good surface riding qualities 
rather than submerged speed. The bow and deck lines 
of the model resemble somewhat those of a torpedo boat 
destroyer submerged to such an extent that her deck is 
almost awash. This design gives ample room for ma- 
chinery and controls, and it affords space in the lower 
hull for ballast tanks by means of which the craft may 
be partially submerged while at rest. 

Fig. 193 is a photograph of the finished hull of 
white pine, with all compartments in place, and with the 

* This book is published at a time when wireless work of an experi- 
mental nature is prohibited by the XJnited States Government. , The 
model maker is cautioned to bear this in mind until the order is with- 
drawn. 
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twin propellers installed. Fig. 195 is a scale drawi 
of the hull in plan and section. 

For convenience, the boards of which the hull is ina( 
are numbered from 1 to 12, starting with the top boa 
or gunwale piece and finishing with tlie keel piece. T 
latter piece of board is not permanently secured in buil 
ing the hull as it is to be discarded after the hull lin 
are developed. This board is displaced by the actu 
keel of lead shown in Fig. 196. 

From Fig. 195, the builder can lay out full-sized pa 
terns of the twelve planks on heavy paper from whi( 



the designs may be transferred to the boards preparatory 
to sawing out. Let it be understood that the dimensions 
given are the finished sizes. The hull planks are to be 
cut somewhat oversize, say inch, to permit of working 
down with draw-knife and spoke-shave. 

The method of procedure is first to saw out the entire 
twelve planks roughly to shape, nailing- them with just 
a few brads to each other to form a raore or less sub- 
stantial mass of wood which bears some resemblance to 
the finished hull. Then, before the inside is hollowed out, 
the draw-knife work is started. The tools must be keen, 
and the most effective method is a diagonal stroke which 
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pares off the wood just as a jacdc-knife would cut ii 
stroke lesseus tlui labor treuieudously aud produce 
great exc'.cutiou. 

The hull may las worked down to its finished line 
with the draw-knife before tlui work on the inside i, 



Hg. 196— The keel of the submarine laid In place 


attempt(!d. The only part to haive for tfu* last 
actual ^‘smoothing down 


is the 


proe(^ss. 


IMore taking the planks apart inady for sawing out 
the interior of the hull, be sure to mark each plank with 
Its number in such manner that tlu^ munlam ennuot be 
readily eftaced. Also mark for “bow” and “stern” to 
obviate possible confusion in reassiunbling. When this 
IS done, take all planks apart and draw the brads. Then 
niark the No. 1 plank with tlui opiming at th(> top which 
has for its most important dimension T’/,, inches in width. 

^^''Jiefit of the storage battery, which 
IS of the standard automobile lighting type and of 6 
volts, 80 ampere-hours capacity. A storage battery of 
the same type but of 4 volts and 40 ampere-hours capacity 
supplies the current for the controls while the larger one 
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di’ives the veswol. As the width of each battery is T's 
inches, the diiiKnision specified is ample to accommodate' 
the set. Tlue otluo- diiueiisions of tlue opening are not so 
important and tine opening may well be scribed directly 
npon the No. 1 plank, after wlii('h it is to l)e cut out by 
means of a coni})ass saw or preferably a power- jig saw. 
This opening serves as the guide or template for tin' 
openings in planks 2, 3, 4, 5 and 6. These openings are 
exactly alike. 

Ref(n-('nce to tlie sectional view shows that Nos. 7 
and 8 Ix^gin to form tlui compartments. Nos. 9 and 10 
are still smallm-, to c.ar(^ for tlui cnrvatnre of the lower 





Fig. 197 — Cross-section of tlie complete hiill, showing the location of the 
water "ballast compartments 


part of the. hull. [l''h(',s(^ op(mings slioukl be scribed indi- 
vidnally on the several planks to make sure tliat the open- 
ing, when cut, will not piere.e tln^ wall or mak(^ it too thin 
in plac(!S. h^ig. 193 shows very clearly liow the o|ienings 
become! smalhii- as tlu! l)ol;tom of tin! hnll is T(‘ach(!d. 

Tlui assemldy of tlu! hnll planks, after the openings 
have been ('.at, is started with No. 1, which is phu'ed 
face down on the l)(!n(!h. No. 2 is to lx; nailcid t.o this, 
care being takcni to “register” the planks accural.t'ly. 
The oth(!r phvnks follow in natural ordc'.i-. Before nail- 
ing the planks, how(!V<!r, attention must Ix! calk'd to tlxi 
sealing coinpound which ('.ements tins boai*ds togetlx'r and 
renders the hnll impervious to water. The ('ement is 
made as follows: To orx! pint of the best bath tub 
enamel add one pox,UKl of good white kuid, stirring thor- 
oughly until the l(!ad is talcen up by the enanu'.I. ''I'lien 
add % pound of ordinary whiting (powder), mixing until 
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the mass has assumed the consistency of thin, smooth 
putty. Add to this % pint of good dryer to make the 
cement set quickly. 

Apply the compound to both planks where they are 
to come in contact. A brush will serve notwithstanding 



Fig. 198 — The storage batteries used on the submarine 

the thickness of the mixture. After making sure of the 
register, nail bow and stern with a single brad to liohl 
in place. Then start at one end and nail with li/^-inch 
brads for this, the starting plank. Place brads not^more 



Fig. 199 — ^The storage batteries in their compartments 

than 2 inches apart throughout the entire length of 
the hull. 

When the second plank is secured to the first, wipe 
the cement from the seam where it has been squeezed out 
and paint the surface of No. 2 and of No. 3 ready for 
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register and nailing as before. Repeat 'with No. 4, bnt 
when that portion of the hull is reached where the pro- 
peller shafts are to pass through, refrain from placing 
nails in No. 4 and in No. 5 at the critical places where 
the bit would have to pass in boring the propeller shaft 
holes. This location is clearly indicated in the drawing 
and the photographs. 

When the hull has been assembled up to the point 
where the No. 12 or keel plank is to be laid, nail this one 
on with a dozen brads but do not put any cement in the 



Fig. 200 — The storage hatteries and central control mechanism 


union. As stated before, this plank will ultimately bo 
discarded. 

The hull may now be wiped clean with a cloth slightly 
moistened with turpentine and the cement permitted to 
dry for at least two days. After this, the spoke-shave 
may be used freely to true up the lines, removing the 
inevitable “bumps” left by the draw-knife. The final 
finish is with sandpaper. The priming coat of paint may 
then be applied. Good ship's paint in battleship gray 
is used. To this is added a quantity of pure white 
lead to lighten the shade somewhat. The first coat is 
applied after a cradle has been made for the hull. Here 
and there could be seen a depression or a “bump.” 



Fig. 201— The driving motor vrith transmission gears mounted on the 

frame 

After the first coat is dry, the spoke-shave is uatid freely, 
taking down the high spots. The nicks and depn^ssioii.s 
are filled with the same compound used in the assembly 
of the hull. The mixture io made thicker^ h()vvov(‘r, by 
the addition of a double quantity of whiting. This 
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“putty” is different from the ordinary variety in that it 
“sticks” wherever it touches (the hands are no excep- 
tion) and it dries as hard as stone. After a day of dry- 
ing, the putty is still soft enough to permit of smoothing 
up with sandpaper, and when it is finally covered with 



paint, the imperfection is absolutely invisible. The white 
spots on the hull in the photographs indieat(i wher-e the 
depressions have been filed. 

When the hull paint is bone dry, the work on the 
interior may be started. All “whiskers” are removed 
with coarse sandpaper, which will smooth out the saw 
marks to a great extent. The compartments shown in 
the lower hold in Fig. 193 are merely to keep the water 
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from surging back and forth when the craft is in motion. 
These bulkheads are well perforated with holes and are 
secured with brads. The storage battery compartment 
is made absolutely watertight. The drawing gives the 
details, the dotted lines indicating the compartment wall 
of %-inch whitewood. The cement is freely used in as- 
sembling this compartment, the walls being literally plas- 
tered with it. When the cement is bone diy, the battery 
compartment is given three consecutive coats of some 


Fig. 203 — The driving motor mounted in the hull and connected to the 
propeller shafts through spring couplings 

good acid-resisting compound obtainable from a large 
electrical supply store. 

The entire interior of the hull is next to be plastered 
with the cement, made somewhat thinner through the 
addition of more enamel. The mixture should be worked 
well into all corners and cracks until every corner is 
rounded out -with the paint. The water compartments 
below should receive an especially liberal dose of the 
mixture. 

WTiile the interior of the hull is drying out, the builder 
may turn his attention to the construction of the keel 
which is of lead. 
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The nicest way to make it is to take the No. 12 plank 
and, using it as a pattern, make a sand mould for the 
lead casting. If this is deemed impracticable, make a 
mould as shown in Fig. 194, using the No. 12 plank to 
give you the profile. Take this mould directly to a man- 
ufacturer of lead pipe or plumbers’ supply hoiise and 
have them pour the lead. The keel should wx'igh 75 
pounds, and the simplest way to gauge this is to place 
the mould on the scales and pour until the desired weight 
is attained. The keel is about an inch thick. Its shape 
and the proportion it bears to the hull is shown in Pig. 
196. The keel is secured to the hull by means of a (jiian- 
tity of flat head brass machine screws passing through 
the No. 11 hull plank and into tapped holes in the keel. 
All cracks, holes and other blemishes are filled with the 
cement, and after painting the keel looks as though it 
had grown on the hull. 

The ballast tanks in EM2 serve a twofold purpose. 
Primarily they are intended to parlially or completdy 
submerge the submarine while slie is at tlie “wharf.” 
Their secondary purpose is to “trim” the craft when slie. 
is placed in the water for the first time. TJie nec(!ssity 
for this latter procedure will be obvious to every vetei-an 
model builder. He will know from experience how neaily 
impossible it is to so distribute the load inside the hull so 
that the craft will float on an even keel wdien fii-st slie is 
launched. The tanks enable the operator to trim the 
submarine both fore and aft, causing her to assume not 
only the desired depth in the water, but also to ovei'iMune 
any pronounced tendency to ride lower by the bow tlian 
the stern, or vice versa. 

As described previously, the “tanks” are built into 
the lower part of the hull. Theoretically they should be 
lined with zinc or copper. In practice, however, it lias 
been found that this is unnecessary. A very liberal use 
of good waterproof paint over the interior of the hull 
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serves the purpos<^ without th('. iuhhI for n very eomple: 
pieces of sheet metal work such as the tank would rep 
resent. 

ddui tanks are com])hded throu^>ii the addition of a 
decking- of y^-ineh wood tlioroughly (^oatcnl with the paint 
or cenu'ut described pi'eviously. This (hu'king is to he 
litcn-ally (nnuented in plac(i (irst of all and tln'ii, to add 
strcnigth, it is nailed every inch or so to the step in the 
hull sliown in tlie illustrations. Fig. 1!)7 gives a section 





' 




Fig. 204-— The stem of the hull, showing how the propeller shafts pass 

through 


through the hull with the tanks (‘oni[)l(d.(Ml. The water 
is kcipt from surging hack and forth by nugins of bulk- 
heads which divide, the tanks into compartments repre- 
sented by W in the drawing. Th(is(> bulkheads are per- 
forated so that the water (uitcn-ing tll(^ opciiiings indicated 
in the bottom of the hull can find its way readily into all 
'c.ompartnunits. 

The intake holes through the kecd are left wide open 
at all tim(is. The water is permitted to enter by opening 
air cocks on the superstructur(‘ of the submarine; as the 
air in the tanks is permitted to escape through these 
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cocks, the water enters. To discharge the ballast, com- 
pressed air is sent into the tanks through the cocks, thus 
driving the ballast out. This operation is the only one 
not performed through the medium of the radio control. 

It could be done, of course, while the craft is running, but 
the delicacy of the adjustment and the tendency of the 
craft to plunge to the bottom under such circumstances 
render such a plan inadvisable. 

The details of the air cocks and their location will be 
taken up later after the superstructure has been covered. 

To give such details at this point would necessitate repe- j 

tition later. i 

The storage battery is divided into two units; one is | 

for the motor which drives the craft, while the other is | 

for the controller and the various control devices. The 
motor battery is a 6-volt 80-ampere-hour automobile 
lighting battery, while the control battery is of 40-ampere- 
hour capacity at 4 volts. The dimensions given in the 
hull drawings in the preceding issue are suitable for a 
number of standard automobile batteries on the market. 

See Fig. 198. 

The battery compartment has been described. Suffice 
it to say here that no attempt should be made to fasten 
the battery in its place. The two units should be easily 
removable for repairs or for charging in the event that 
the whole model cannot be taken to a place where current 
is obtainable. See Figs. 199 and 200 for views of the 
battery in the hull. 

The motor selected for EM2 is of a standard type 
obtainable.in the open market. The motor has practically 
all of the desirable features found in commercial machines 
of large size. Radial gauge brushes, mica insulated 
commutator, adequate oiling facilities, form wound coils, 
and a liberally designed frame, are among its excellent 
features. 

The transmission has been added solely to permit the 
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motor to run at relatively high speed with moderate pro- 
peller speed. The arrangement of the gears is such that 
a speed reduction of 2 to 1 is obtained with the shafts 
for the propellers running in opposite directions. This, 
of course, necessitates the use of a left- and a right-hand 
screw. 

The motor with its transmission is well shown in Fig. 
201, which gives a front and rear view of the power plant. 
These photographs, together with the detail drawing, 



Fig. 205 — The stem of the hull, showing propellers in place 

Fig. 202, should make clear the entire scheme of the 
transmission. 

The reader will note that a 48-tooth brass gear is 
secured to the motor shaft. This is a stock 1-inch gear of 
48 pitch. Meshed with this gear is a 96-tooth gear, 2-inch 
diameter, mounted upon one of the transmission shafts. 
Meshed vuth this gear is a second 96-tooth gear mounted 
upon the second shaft. The layout drawing in Fig. 202 
vull make this clear. The gears are represented by pitch 
circles. The operation is obvious. The motor gear A 
turns the first large gear B, which in turn operates the 
second large gear C in the opposite direction. 

While on the subject of transmission, it may be well 



A Model Submarine With Radio Control 295 


to suggest how the hearing plates are laid out and fitted 
to the motor Ih-ame. The first operation is to locate and 
drill the holes in the upper part of the plates, drilling 
clearance in the front plate and tap size for 8/32 in the 
rear plate. Place screws in the holes to grip the plates 
together. Next locate the center hole at the bottom and 
drill No. 9 to clear a 10/32 screw, which may be inserted 
and held with a nut. The plates may then be fik^d up 
square and true to each other. All holes will ther(‘aft(ir 
be di’illed through both plates at the same time to insure 
alignment. 

The %-ineh hole for the motor shaft will be next in 
order. This hole is located near the letter A in the layout 
drawing. When the hole lias been di-illcd, remove the 
10/32 screw from the center hole at the bottom of the 
plates and slip the motor shaft through the hole. Clamp 
to the motor fr-aine with the distance piece shown in all 
views between jilates and fi-ame. B(|uare up with motor 
base and run a No. 9 drill through the lower hole to spot 
into the motor base. Follow with tap drill for 10/32 
and tap out. 

After this, remove the plates and replace clamping 
screw in the lower hole. Next lay otT the center for the 
gear B by scribing with dividers set to Ih^-inch radius 
from center of motor shaft hole. Strike a vertical line 
inch to right of center and spot for the Vi-inch hole 
for B gear shaft. Now set divid<'.rs to 2-inch radius and 
swing from th(i B gear hole to the loft on a horizontal line. 
This will give the spot for the C g(var hole. Drill B and 
C holes with ki-hich drill, making sure the drill is ground 
true so as to insure that it will not cut oversize. Tln^ 
plates may now Ixi sc'.parated and tlie I’ear plate r(>pla<'(‘d 
on the motor' shaft witli a sliort 10/32 scrrnv tennporarily 
placed in tlnr ce.nter liole. to clamp tier plate to the motor 
base. Tlu^ liohis for the fiat In^ad countersunk sci'ows may 
then be drilled and tapped and the jdate permanently 
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secured to the motor fraiiu'. If tlu' work has bee 
carefully thc^ motor sliaft will turn without auy bin 
the plate is socur(‘d. 

Th(^ beariii;>:s for the transmission shafts next i 
att(>nti()n. These are tunned rap from •;/|-ineh h< 
brass stock and sweated to the fi'ont Ix'aring- plate 
this operation, a V,,-iii(di woodcni dowel wars placed 
plate and bearing holes to liiK' tlunn up, and the s 



Fig. 206— One of the propellers used on the submarine 

of the plate and the under sides of th(' bearing c 
with soldering pastix A veny hot sohhn-ing coppe 
tlnm used to flow soldm- around the joint, (nircs Ixiing 
to see that tlu; soldcn- actually sw('at('d into ttu! joii 
tween the bearing and the platei. platci was s 

on three brads to kec^p it away from tins Ixuudi foi 
operation. WlKm the job cooled, tlui bearing plates 
found to be in perf<x‘.t alignimnit, thanks to the do 
although the latbir W(n'(( badly charred at the poi 
union. An oiled rag run through tlui hol(( cleanec 
bearing surface of the tracer of carbon hrft by the hr 
wood. 

The A gear is secured to the motor shaft wi 
pointed set-screw, while th(> li and C giuirs are fast 
to their shafts by means of brass esijutidieon pins di 
into holes drilled through gciar boss and shaft. The 
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of the transmission sliafts are threaded %-20 to take the 
steel sprinp;-s which provide lh;xible couplings to the pro- 
peller shafts. 

All that i-(!inains is the assembly. The spacing collars 
are s(df-(ixplanatory in tlio drawings. The reader will 
note that the 1()/;12 scrcwv temporarily placed in the rear 
plate is disphu'ud by a long stud, which passes through 
both plates Avitli a spacing collar or sleeve' between. Theses 
sleejves W('re niaele^ by cutting off the ehvsireel lengths of 
i/s-inch brass pipe in the lathe. An additional feature 
not shown in tliei illustrations rniglit well be a simple 
oilcup in eaeii bewaring of the; transmission. 

Fig. 2()y shows the; motor anei transmission mounteel 
in the hull. The meihoel of coupling showm has been sim- 
plitieei anel imjeroveHl upon by removing the shaft hangers 
anel substituting long, tightly wound stcM'l springs of the^ 
door-spring variety. >Se) stiff and so tightly wound are^ 
these springs that then'- afford an almost peu'fect flexible! 
coupling to th(! preepelh'i- sliafts. Tliei (!nds of the springs 
arc forceel on the thre'ads of tlu! transmission and pro- 
peller shafts, where they will stay put until reimoveid by 
main force'. Idle p roped ler shafts W'ore cut off close tei 
the shaft housing shown at the extreme h'ft in Fig. 202, 
and muedi meire! edearly in Fig. 204. 

Little Tieeeed be! said eif the shaft housings. They are 
meredy h'ligths eif %-ine'h brass pipe! fitteMl with a standard 
brass eeap at either enel. The! caps are of course drilleel 
for the shaft, ddu! spae-.e! beitweein the end of the pipe and 
the cap is ainiile! for the! himpwieek and tallow paeeking 
necessary to e'xe'lude! w'ateir. The size anel shape of the 
propellers is weill shown in Fig. 206, where a hand is 
includeei to give! an idea of the! proportions. The average 
builder will w'ant to take advantage of a stock propeller 
rather than make patte!T-ns and have just a single casting 
made from each. Tlie relation of the propellers to the 
hull is shown in Fig. 205. They are secured to the shafts 
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by a simple screw thread and pinned to prevent loosen- 
ing. This threading operation was easily accomplished 
by chucking the propeller in the three-jaw chuck, facing 
off, centering, drilling and tapping %-20. 

The steering rudder is well shown in Fig. 207, as it 
appears beneath the hull at the* stern of the model. Fig. 
208 gives a glimpse into the hull, showing the rudder 



Fig. 207— The stem of the submarine hull, showing one of the propellers 

and the rudder 


mechanism in position. Pig. 209 shows the rudder mech- 

^sm m parts giving an idea of the proportions of each 

piece to the others. 

Figs. ^10, 211, and 213, which are working drawings of 
tionr fS remaining illustra- 

installSlStto thfh^ 

For an explanation of the working principle let us 
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to Figs. 210, 211, and 213, with an occasional glances at the 
photographic views. The riuhhir propei- is of slieet in-ass 
sweated into a savc-ent in tlu- (nid of the rudder post. 



Fig. 208 — The rudder control mechanism 


The latter pass(\s through a. brass pi|)(‘ slf'eve or housing 
fitted with pa(dving glands at (‘itlnn- (uid. 

To the top of th(f rudder post is littcul a brass disc 
having a siuillow groove tm-n<‘d in its periplun-y to carry 



Fig. 209 — The parts of the rudder control mechanism 


the “tiller cord” or its ('(juivalent in this case. The con- 
struction and assemi)ly of post and disc is (-learly sliown 
in the detail drawing. Fig. 210. The hub of tln^ disc is 
sweated with solder to the disc. The projecting arm of 
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M odd linginceriiKj 

tlie poKst is tliroadc'd into tlio lailc'i- and li,i>-litou(‘d b’? 
nioaiis of tlio lock :uut shown. Tli(‘ fiuiclioii of tlii.s pro- 
jcctin. 1 !^ aiMU is to carry tln^ c(;ntral si)riny, whicli. liolpg 
k(H^]) tlu^ rndd(!r in a lunitral ])()siti()ii. 

in Iho disc then' arc. two littl(> connb'rsuiik holes >Soe 
Detail B in Fig 211. Each of theses holes is 25 degrees 



to one side of the neutral position of tln^ riuhhn-. Mounted 
directly above the disc, se(! Fig. 210, is a small sohmoid 
in which a pliingm* of iron slidi's fredy. The lower end 

of this plunger is conical in shape to lit the countersunk 
holes in the disc. 

The action of the inechani.sni is as follows: Wlnm the 
tiller cord is pulled to the right (by solenoids to ho de- 
scribed) against the tension of the neutralizing spring, 
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the disc mov<'s hc'iionth tlio solenoid plunger until the 
latter drops into one ot the hoh^s. Here the radder will 
stay until tlie n<ixt operation, wliich sends a cxirrent 
througii tiu^ Jitth' solenoid, reh'as(is th(! i-udder, sending it 
back to tlu^ neutral position. Likewisi^ the left-hand pull 
of th(> rudder s('rv('s to (nigagxi tin; solenoid pin witli tlie 
seeond lioh'. 

big features of this iiH'C'hanism is the fact that eur- 
r(n)t is us(‘(l for an inslaxit only — just long <'nough to pull 
the ruddeu’ to |)ort or starboard. .It rennains in that posi- 



tion until releas(‘d, altliough no eurr(nit is used in the 
retaining otx'ration. 'iriu' n<d. result is that we can use 
a comparatively lai'gci current for the actual pull of the 
rudder, xnaking tln^ ojxu-ation positiv(! and trustworthy, 
and still maintain the (jssential economy of current con- 
sumption. 

The. tiller cord has heevn luifcrred to. This is a length 
of the round type^ of shocistring, strong and veiy flexible, 
attached to the. disc, by the retaining screw shown in 
Detail B, Fig. 211. This cord, running in the groove in 
the disc, passcis on to a large solenoid on either aide of 
the hull. The photographs and the drawings, Figs. 211, 
212, 213 and 214, will make this clear. The plunger of 
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each, solenoid passes entirely through the coil in order 
that tension springs may be attached to the rear end of 
each plunger to assist in keeping the rudder in a neutral 
position and to keep the tiller cord tight. 

The small solenoid used to retain the rudder in the 
desired position is wound with No. 24 wire, enameled, in 
layers 1 inch long upon the brass tube of the mechanism. 
The careful workman can get on 45 tui-ns per layer and 


. 



Pig. 212 — Tlie complete rudder mechanism, showing the solenoids 

the winding should be about 18 layers deep. This wind- 
ing is designed for use with the 6- volt storage battery. 

The large steering solenoids are wound with No. 16 
D. C. C. wire, 68 turns per layer, and 8 layers deep to 
each coil. The brass tube upon which the solenoid is 
wound should be a sliding fit over a piece of i/^-inch Nor- 
way iron rod made perfectly smooth. There must not be 
any friction in this sliding fit. If Norway iron cannot be 
obtained, cold rolled steel may be used, but the pull is 
lessened appreciably. 

The mounting for the solenoids is of hardwood. In 
moimting the coils within the hull, care should be exer- 
cised to see that the plunger of the solenoid has a straight 
pull on the cord rather than one at a slight angle. It 
will probably be necessary to block out the rear end of 
each solenoid base with shims of wood to effect this. 


3lo(lel S lib m arine With liadio Control liOS 

The cin-i-ont (h'lusity in tlie solenoids is comparatively 
high. Ihe small coil pulls about 5 amiieres, or eriougli to 
heat it disastrously rl‘ the (Uirrent were iiermitted to re- 



Fig. 213— Details of one of the controUing solenoids of tlie rudder 

mechanism 

main on Tlie large c.oils draw 15 amperes apie('(> at (I 
volts. 1 Ins amount of currmit prodm-es a, pull that will 
draw tlK. pluugm- out of omds liugm-s aim* tinu-s out of 








Pig. 214— Olose-up view of the rudder solenoids in place 

ten providing iho, plunger is inserted three-, piarters of 
Its hmgth when the currcmt is applied This high current 
ensity is not objectionable, however, in view of the fact 
that It IS applied tor but one or two seconds at a time. 
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M odd Kngincenng 


In the radiodynaniic control of a distant mode.! o 
some sort, there are a numlxn- of practi('al consid(n-ationi 
involved aside from the actual probhviu of how to do th( 
trick. For instance, the distance over whicli control i; 
to be effectxid is most important. Tln^ dinicuHh's iiuvreasc 
amaKingiy as the distance b(d,w('(Mi transmitter and re- 
ceiver incrc'ases. Anotlun- point to consitho’ is whethei 



Fitf. 2JC 


Fitr. 21G 


rig. 215 — Bimoiisions of tlio solenoid supports 
Pig. 216 — Section tlirough the rudder post 


the control must Ixi sehictive or wlndlHU- a pro^jfixissivo 
seri(is «f evolutions, each (h^p(vnd<>nt upon tlx^ ptxtssuro 
of the radio kevy, is all that tlui builder (h'siix's. 

One tliiuf^ that is absolutc'ly (issential in any system 
of this kind is some nx^ans of d(>terminin,i>' just what is 
going on inside the hull of tln^ rmxlel wlien th(% k(^y is 
pressed. True, th<) craft will ix^spond, but w(^ must know 
beforehand just what is going to hapixm at the instant 
of pressure of the key. 

There are two ways of doing this. One is to have a 
series of colored lights on tlu^ d<ick of tlie model, each 
color representing some distinct evolution of the craft. 
A chart on shore tells the ofx'rator what each color means 
so that he can guide his signals accordingly. The other 
method involves the use of a clock-work mechanism to 
operate the control fingers, with a synchronous median- 
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ism, turning at exactly the same rate of speed on shore 
in front of the control operator. By observing his clock 
the operator can determine exactly what contact, finger is 


rig. 217— The central distributor for the three-circuit controUer 

in connection at any given time and can send his signals', 
accordingly. 

The colored-light signal device is admirably adapted 
for use with models where the control need not extend 
more chan a few hundred yards at the most. 
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The system consists essentially of a mechanism the 
function of which is to periodically open and close a cer- 
tain number of circuits. The colored lights, each color 
representing a circuit, tell at all times the position of the 
contactor. The function of the radio impulse is to com- 
plete the operative circuit to any given device in the 
submarine at just the desired moment. In other words, 
the operative circuits are all open, as the contact finger 
moves from one point to another, until such time as a 
radio signal conies in. This serves to close a relay, send- 
ing current through the desired solenoid or motor or 
whatever happens to be the operative mechanism of the 
circuit in question. 

In the design for the distributor or controller-proper, 
there are a number of considerations. If space is at a 
premium, and a very large number of controls is deemed 
necessary, the type shown in Pig. 218 is better. This 
device is essentiallj^ an instrument switch having a double 
row of contacts and a contact arm which is continuously 
rotated by means of an electric motor mechanically con- 
nected by means of worm gearing. The small rheostat 
is to control the motor speed. 

In this controller or distributor, the operative circuits 
are taken from the outside row of contacts while the 
lamp or signal circuits are taken from the inner row. 
The one advantage of the two rows is found in the fact 
that but a single white lamp need be used to indicate the 
“off” position of the contact finger following each col- 
ored flash. 

The coherer and decoherer are mounted upon an up- 
right wooden piece at the end of the controller base in 
such a position that the coherer tube is readily accessible 
for adjustment through a hatch in the deck of the sub- 
marine. 

The distributor shown has twelve contacts, which 
means that it will control six complete circuits or evolu- 
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tioiis; tliat is, six on and six off. Thus the model can be 
made to start, stop, tiiiMi to right, turn to neutral, turn 
to left, back to muitral, fire a deck gun, flasli on a searidi- 
hght, turn it off, blow a whistle', discharge a torix'do, fire 




Fig. 218— The central distributor for the six-circuit controller 
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a signal rocket. Oi', in lion of two oi' th(\s(‘ (^volutions 
it can be made to submerge and rise witii tin' diviig 
planes fore and aft. Tlu^ point to r(nu(mil)(u- is that aip 
operation that is pcuvformed in an instant, siu'h as (iriii^ 
a gun, can be done without tlu^ ('XiK'nditure of ilu* s(Ha)ii( 
contact to turn tJie curnmt off. AIL of tLu' (|(‘vi<‘<>s stu'Ii 
as rudder solenoids, driving motor, <>tc., in IdMlL are sc 
designed as to Icecap on operating until a scieond impulse 
turns the current off. 

The distributor shown in Fig. 217 is soniewiiat (‘asi(>r 
to build, but it does not l(‘nd its<‘ir .so reaxiily to a. large* 
miinber of circuits. In this (l(‘vie(‘ the* eylimh'r (‘arryiiig 
a series of contact studs, eaxdi ('onhuding in turn with a 
brush or finger, is revolvenl slowly with tin* usual worm 
goear and motor drive. This distril)utor has six eoid;nets, 
wdiich means that it is good for threee evolutions: start 
motor, stop motor, turn rigid., t urn back to m-ut.ral, turn 
to left, back to neutral. This is all that would he* re- 
quired of the average torpxnlo ami for simplicity of con- 
struction and control, this form is splendid. 

Still a third form may he usc'd and this has sonn* pro- 
nounced advantages over tins otlu'rs. It consists of a 
segmented ring of metal, each s(‘gment r<>present.ing a 
circuit, around which a brush travels slowly. Tin* advan- 
tage here is that it gives the operator the maximum of 
time in which to read a,nd respond to his signals. 

The large wiring diagram will make all comuHitions 
clear without many words of ('xplanation. In reading 
the diagram, the builder is advised to trace with a pencil 
each circuit, keeping in mind the position of the. (contact 
arm at the time. For instance, to start the motor, lu; 
will see that the control curremt is sent through a two- 
way switch that will stay in whichever position it is drawn 
by the magnet on either side. To stop it, the current is 
sent through the opposite magnet for an instant to draw 
the lever over. 
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Fig. 220 Wiring diagram for the tliree-control distributor. Each circuit 

and control is connected with a colored Ught 

The coherer is the inherent weakness of any radio 
control system. For simple model work the old fashioned 
coherer with silver plugs and a half-and-half mixture of 
nickel and silver filings is about as good as any. The 





A Model Submarine With Radio Control 311 

plugs should be at least half an inch apart in the glass 
tube and the intervening space loosely filled with the 
filings mixture. 

One problem in the construction of the Model Sub- 
marine EM2 was to provide a means whereby the current 
operating the main driving motor could be turned on or 
off by the control device. The switch controlling this 
circuit, of course, had to be of such a construction that 
the contacts would remain in the desired position until 
the next impulse came. Furthermore, from the economic 
standpoint it was essential that no current be used to 
maintain the switch contacts in either position, the im- 
pulse serving merely to bring the contacts to the on or off 
position as the case might be. 

Some experimentation resulted in the relay switch 
shown in the photograph, 222, and the drawing, 221. 

Essentially, the switch consists of an arm of soft 
steel, pivotally arranged between the poles of two mag- 
nets, and above this armature two springs ol‘ ]‘)lu)sphor 
bronze so disposed as to contact with the end of the aj’ina- 
ture as the latter is drawn to one side or the other by 
means of the magnet through which current is sent. 

The magnets are of the standard instrument type of 
2.5 ohms resistance each. These magnets are sold at 
such a low price in the open market that it is cheaper 
and more satisfactory to purchase them outright than to 
construct them. Each magnet is mounted upon the up- 
right of a piece of brass angle as shown in the illustra- 
tions. The distance between armature and pole piece of 
the magnet should not be greater than %2 inch to insure 
reliable operation without the expenditure of an inordi- 
nate amount of energy in the act. 

The armature is a piece of cold rolled steel (unless 
wrought, iron is available) of %-inch by ’/^-incli section. 
It is drilled for the pivot at its lower cmd and this fit 
should be a good one. The armature should swing freely 
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back and forth but a loose and slovenly fit cannot be tol- 
erated as it vdll lead to trouble. 

The spring strip contacts are mounted upon brass 
angle pieces and their adjustment is shown by the photo- 
graph infinitely better than a thousand words of explana- 
tion could describe it. This adjustment is possibly the 
only “ticklish” part of the job. Too much pressure will 
prevent the armature from being drawn to the reverse 



position. Too little pressure will not hold the armature 
m the desired position against the inevitable vibration of 
a model boat hull. Of course the design of the switch 
IS such that gravity aids in keeping the armature in either 

+A oiie side 

0 the other, the center of gravity shifts with it. When 

^ is obtsiined, the armature will 

current ie w tn** “n “ **“* position until 

current is sent through the other magnet. 
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The superstructure of the model is so designed as to 
permit of ready access to the machinery within through 
the openings which are covered with simple hatches of 
wood secured by means of brass nuts on screws passing 
up from beneath. 

A complete drawing of the superstructure and deck- 
ing is given in Fig. 224, which shows a plan and a side 



Fig. 222 — The relay switch assembled 


elevation in section. Note that the superstructure is built 
up of two thicknesses of %-meh material and one of 
%-inch stock. The latter is secured after the former 
are worked down to finished shape. In this thin piece 
of lumber are placed the brass machine screws which hold 
the nuts for the hatches. All dimensions are given in the 
drawings. 

In placing the superstructure on the hull, and, like- 
wise, in nailing the two pieces of stock together, the 
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white lead and whiting cement is to be nsed plentifully. 
The cement is to be applied to the stock on both surfaces 
before nailing together. 

To counteract possible warping, the superstructure 
should be secured with both screws and nails. A flat- 
head screw placed every 8 inches or so will draw the 
superstructure right down to the hull, squeezing out the 
cement which can be scraped off when nearly hard, leav- 



Fig. 223 — The submarine with the deck removed 


ing a perfect union, between hull and superstructure. As 
the decking of thin wood is placed on the superstructure 
after the latter is securely fastened, the screws and nail 
heads are covered. 

The wiring and the installation of the machinery were 
done after the superstructure had been finished. The 
object of this was to insure that the interior fittings might 
be removed after the deck was finished. 

The greater part of the wiring was done with No. 14 
standard rubber covered and the balance with No. 18 
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Fig, 224 — Details of the superstructure for the submarine 




316 


Model Engineering 

fixture wire. The insulation on ('ondvu-tors is so 

good that little care need he exercistnl to keep tliein apart. 
They may be “fished” beneath tlu^ (hn-k and la'ld luidev 



Fig. 225 — Drawing of the conning tower for th# iubmarine 


staples with impunity. On all circuits where thci (-.urrent 
is heavy, the larger wire was used. 

As a measure of safety, 10-ainpere fuses should be 
inserted in the leads from the large storage battery and 
5-ampere fuses in those from the small control battery. 
This protection is really very important, as the current 
from either battery on short circuit might (easily reach a 
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liundred amperes or even more. Incidentally, snch a 
discharge ■would ruin the batterj’-. The heaviest current 
dra'wn is 15 amperes; ho'wever, this is only for an in- 
stant and the fuses specified ■will hold it easily for the 
second or two it is on. 

As an additional precaution, it is well to provide 
switches just inside the battery compartment in order 



Tig. 226 — The stern of the craft, showing the rudder release solenoid 

that the two batteries may be totally disconnected from 
the mains when the model is not in use. In the photo- 
graph showing the battery compartment, Fig. 231, the 
switch at the left is to disconnect the main battery, while 
the one at the right starts and stops the control device 
motor. When these switches are open, no current can 
flow through the circuits, even though the controller 
might be left in an “on” position. 

EM2 has controls as follows; turn to right, neutral; 
turn to left, neutral ; start motor, stop motor. The div- 
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ing plans are manually operated ; that is, they are tilted 
to the diving position by hand. Should any reader, in 
building this model, choose to add the radio conti'ol, he 



Fig. 227 Tile driving motor, with relay switch mounted in place 


has but to construct a mechanism similar in principle to 
that employed in the control of the rudder. 

In order to use the central control device describcsd, 
the contacts have been grouped into pairs by bridging 



Se „f Lir, ““tacts 

along the side of the opening in the superstructure. 
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The relay switch, which serves to turn on and off the 
current to the driving motor, was described previously. 

The drawings give all details of the conning tower 
and deck fittings. The aerial is carried by a tall central 
mast and it inclines toward a shorter mast at either end 
of the craft. A thoroughly dry dowel boiled in paraffin 
provides a good mast of high instilating qitalities. So 
effectual is this treatment that no insulators are found 



Fig. 229 — The controlling mechanism exposed hy the removal of the 

forward hatch 


necessary. It is admitted, however, that the true model 
maker will not be content with such an arrangemcmt. Foi- 
him the employment of tiny insulators turned from hard 
rubber or black fiber rod of about inch diametei- is 
necessary. 

The lead-in is taken from the center of the aerial and 
brought down to the contact on the deck of the conning 
tower. From this point, a piece of rubber covered lamp 
cord leads to_ one side of the coherer. The other side of 
the coherer is connected with a heavy wire that leads 


320 Model Engineering 

down tlirougli tli6 hull uud luakos olGctrical couiioctiou 
with the lead keel. 

The ballast tanks in the lower part of the hull are of 
sufficient size to hold water to completely submerge the 
model. A piece of brass pipe leads from the machinery 
deck both fore and aft to the outside of the hull where 
each pipe terminates in a small pet cock. When these 
cocks are opened, the air in the tanks is permitted to 



that water enters. When the 
vlLr tT J’ ? preventing the entrance of more 

TppMto thtneSA^ is 

a tank. ^ tubing from 

tJto respond S sensx- 

of the standard “2-inevCirelesrt ^ 

wireless type, using the obso- 
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Fig. 231 — The central hatch lifted, showing the storage batteries. The 
' signal lamps are shown at the right 

The adjustment of the coherer is a tedious task, hut, 
when once attained, it is reasonably permanent. A mix- 
ture of about equal parts of pure silver and nicked liliiigs 
is used, which must be quite free from grease. The best 
working distance for the coherer plugs was found to bti 
between % and % inch with the space between practi- 
cally filled with filings. 


lete method of coimecting the antenna and ground across 
the spark gap. 

The maximum distance for fairly reliable operation 
was found to be about 100 yards. A tuned transmitten-, 
tuned to the exceedingly short natural wave length of thte 
diminutive submarine aerial, would increase the distance 
as would also a transmitter of greater power. 



CHAPTEE XXIV 


A MODEL, CRANE 

The design of the crane — ^Its construction — The electrical driven hoist, 

When the amateur constructor interests luniself in 
model crane construction, he delves into a field that has 
a wide range of interesting apparatus. There arc! man}' 
types of cranes, any of which, if consti-ucted, will well 
repay the builder, as the amount of instruction and 



amusement derived from them is great. Of all the many 
kinds, the most common is the derrick or jib crane. This 
t}i)e IS seen in Imnher yards, stone quarries, steel mills, 
and especially in construction work. 

It consists of a mast. Pig. 232, to which a boom or jib 
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is attaelied so that it may swing np or down. A movable 
pulley with a hook is run from the end of the boom. 
These two elements, the boom and the hook, are sepa- 
rately controlled by cables, which are wound on wind- 
ing drums. 

In this model crane the double drum electric hoist, 
which is described in the following chapter, is used. 
Miniature structural iron is used in the mast and boom 



Fig. 233~-Tlie derrick assembled 


of the derrick, and its use did not bring forth as many 
obstacles as contemplated. This feature can be used in 
many other models, as it is easily and cheaply con- 
structed. 

It merely consists of angle tin held together by means 
of very small rivets. Iron round head rivets, % inch in 
diameter by %6 inch long, are used. These are the small- 
est procurable and have to be sawed to about % inch 
long. They are driven cold on account of the ditlieulties 
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encountered in fitting and holding same if they are driven 
hot- The round head is left exposed. 

The boom and mast are made in this manner : While 
sticks of wood will suffice for the pieces, the realistic ap- 
pearance of this material is seen by the photographs, 
Figs. 233, 234. 

The angle iron or tin used as the sides of the mast 
and boom is obtained from a tinner who has access to a 



Fig. 234 — Bear view of the derrick 

bending machine. Four each of twenty- and thirty-inch 

strips are required. Holes are bored in the long angles 

which are used m the boom, as indicated in Fig. 236. 

ihese holes are bored identically on both sides of the 

angle. Four web plates (B), Fig. 237, are cut and drilled 

as shown and riveted to angles. The ends are then bent 

square brass end blocks (E) 

txHno-^ ' these blocks by 

the S? drilled through 

lith In 8^9 f ^ then tapped 

ith an 8-32 tap. One-quarter-inch, 8-32, round head 

place as shown in the assembly of the boom. Fig. 235. 
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A rigging, made of strips (D, E and C), has to be 
made so as to provide clearance for the jib pulley when 
the boom is in a high or low position. Details of thesoi 
so-called supports are shown in Figs. 238 and 239. Four 
tackle supports and two pulley supports are required. 



The cross bracing seen in the assembly of the boom, 
Fig. 2o5, is merely No. 16 iron or copper wire, woven 
through the holes bored for this purpose. 

The bTiilding of the mast. Fig. 242, is more difficult 
than the boom, as more riveting has to be done. The 
side angles of the mast are bored, as shown in Fig 243 
The web plate (B), Fig. 245, should be put on first. It 
^11 be noticed that no detail has been given for the 
diagona^trips_(G), as their length and shape of ends 
vary. While dimensions are given for the location of 
rivet holes in the strips and plates, the writer finds it 
more a vantageous to bore the holes in the angles only 
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Figs. 251-261 — Details of the derrick 


tlien cut the strips to length and locate the holes in 
strips by means of the holes in the angles. It will 
oticed also that where two or more strips come to- 
er only one rivet holds them together. It is best to 
i -txp the two separate sides complete and then fasten 
Q sid.es together. This facilitates riveting. Only two 
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pulley plates (B) and boom bearings (D) are required, 
and they are riveted on the same opposite sides. 

When the sides are all fastened together, square 
wooden blocks (J), Fig. 242, are fastened at each end by 
screwing the sides to the wood blocks. The bhx'k at tlu* 
bottom or the end nearest to where the boom swings has 
a rod (H) 5 inches long held by a pin (I). This rod (II) 
is a shaft for the bevel gears (J), Fig. 250. Its diam- 
eter is dependable upon the size of the hole in the bevel 
gears. 

The boom swings at the foot of the mast by placing 
a shaft, inch in diameter by 2% inches long, througli 
the end block of the boom and is fastened to the boom 
by a screw bored through the end block and shaft. Col- 
lars are provided at the end of the shaft. Fig. 24.9 shows 
this very clearly. 

The mast is mounted on a box-like base in which bevel 


gears are -mounted for turning the derrick and switcluis 
for controlling the hoist. Fig. 250 shows a front view 
of the apparatus. 

The bevel gears ( J) have a ratio of about two to one. 
^y convenient size may be used, the writer using 4- 
ineh and 2-inch gears taken from an old churning ma- 
chine. The small gear is arranged on a shaft with a 
handle. Fig. 256, to turn the large gear. The shaft de- 
tailed m Fig. 255 is of iron, steel or brass, and is shown 
% inch in diameter, although, of course, any other size 
may be used to fit the holes in the gears. If such is thc! 
case, the holes shown in the detail of the angle bearing 
(C), Fig. 253, and bearing plate (D), Fig. 254, will vary 
accordmgly. A bearing plate similar to (D) Fig. 254 is 
used to hold the shaft extending from the mast in the 
bottom of the box. 


f A f ^ upright by means of the legs 

(A) These are detailed in Fig. 251. They are slotted 
as shown and soldered to a plate which allows the mast 
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to torn by means of a wood screw screwed through the 
plate into the top wooden block of the mast. The legs are 
threaded at one end and bolted to feet, Fig. 257, on the 
base. 

No details of the pulleys will be given, as the average 
experimenter generally has several around his shop which 
are adaptable for this purpose. The shape and arrange- 
ments of these pulleys, however, are seen in the general 
view, Fig. 232. For the cables between the pulleys and 
winding drum, stout string is used. 

The double drum electric hoist is mounted on the base 
and one drum is connected to the boom pulley and the 
other to the hook pulley. The switches used for revers- 
ing the motors of the hoist are of the pole changing type 
with a dead point in the center. The arms of these are 
extended through slits in the sides of the box and han- 
dles fastened to these extensions. This is clearly illus- 
trated in Fig. 233. Double pole, double throw switches 
may also be used to control the motors, the switches be- 
ing mounted on a separate switchboard. 

If the reader does not care to have the operation 
electric, he can construct hand-operated winches for the 
derrick. 

The whole apparatus should be painted a dull black, 
which gives it a commercial and serviceable appearance. 



CHAPTEE XXV 


AN ELECTEIC DOUBLE-DRUM HOIST 

The design of the hoist — Calculation of the power needed — Construction 

of the machine. 

Every model maker delights in making models of 
machinery, so that when they are constructed they have 
the appearance of the larger article and their limits of 
usefulness are just as great. The double drum electric 
hoist, about to be described, comes up to these require- 
ments. Its range of utility is varied. It may be used 
on small cranes or derricks, elevators, double hoists, 
traveling hoists, and probably many other uses will sug- 
gest themselves to the constructor. 

By consulting the plan. Fig. 262, it will be seen that 
each winding drum is driven by a separate motor, which 
simplifies the control of the hoists. Eight gears will be 
required, two of each of the following : 96 teeth, 12 teeth, 
48 teeth and 20 teeth. The dimensions between the 
shafts are for gears of 32 pitch. In ease the reader has 
some other size gears on hand he should, of course, use 
them, although the distance between the shafts will not 
he the same. Quite a little power is developed at the 
wmding drum, the apparatus easily lifting several dry 
batteries. This will be readily seen, as the speed is 
12 X 20 5 

~ ^ driving motor, and as the 

X yb 96 

lifting power varies inversely with the speed the lifting 
96 

power is — or 19^ times that at the motor. 

5 
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The two sides (A), Fig. 263, are made of sheet iron 
or brass abont Yiq inch thick. The figure shows the lo- 
cation of the holes for the shafts, guy rods and bas(> 
angles. The most convenient way to bore these holes 
accurately is to first locate and bore the %-inch holes 
in each corner of each piece and then fasten the two 
pieces together with 6-32 screws through these holes and 



Fig. 262 — Plan of the. electric hoist 

finish the plates to size. The shaft and base angle holes 
are then located and bored. 

Fig. 265 represents the guy rods, four in number, 
which are %-ineh round brass rods and threaded % inch 
on each end with a 6-32 die. These rods hold the sides 
in place, as shown in Fig. 262. 

Fig. 264 is a drawing of the shaft (B), two of which 
are needed. They are preferably steel rod, although 
brass or iron will serve the purpose equally well. 

The winding drum (C), Fig. 266, consists of a shaft 




332 


Model Engineering 


on to wliieli are soldered two discs. The best way ti 
solder these on is to bore the hole for the shaft througl 
the disc a trifle scant and then force them on the shaft 
after which it should be soldered by heating it with i 
blow-torch and the acid flux and solder applied with a 



Figs. 263-26S — Details of the double drum electric hoist 


thin rod or wire and the solder worked in the joint. This 
joint should be wiped while still hot and a neat job 
should result. 


Each shaft requires two safety collars (E), Fig. 267. 

%-iach brass rods which is bored %6 

through the walls of this 
piece. Eight, the number of coUars required, 6-32 x %«- 

ioutrs!™"^ required for these 
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The base angles (F), Fig. 268, are merely strips of 
metal shaped as indicated. Their purpose is to hold the 
frame of the hoist to the base. Four are required. Eight 
8-32 X %-inch brass screws with nuts will be needed to 
fasten the angles to the sides. 

The hoist may be mounted on a base with the motors 
or may be fastened permanently with the apparatus it is 



Pig. 269 — (Above). Wiring diagram of the electric hoist 
Fig. 270 — (Below). Arrangement of ttie traveling hoist 


working, as on the base of a derrick or frame of an ele- 
vator. If mounted separately with motors, as stated 
above, a base of oak, 7 x 10 x % inch, neatly finished with 
beveled edges, will suffice. 

The method of holding the driving gears to the shaft 
of the motor is by removing the pulley from the motor 
and threading the shaft with the most convenient size 
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and then slipping the gear on the shaft and locknntting 
it on. If there is a small hole in the gear it may be driven 
on the shaft to a forced fit, which is better than the pre- 
vious method. Almost any type of motor is suitable as 
long as it reverses easily and quickly. 

The wiring diagram is represented in Fig. 269. 
Double pole, double throw switches are ideal for i-evers- 
ing, although a pole-changing switch may be used if it 
iias a dead point, so that the motor can be stopped with- 
out reversing the motor. 

A sketch of one of the many uses to which the hoist 
may be put is represented by the traveling hoist in Fig. 
270. By its use the bucket or car may be carried to any 
place at any height along the cableway. The arrange- 
ment is frequently seen where excavating is being done*. 
The details of the pulleys are not shown, same being left 
to the ingenuity of the reader. At first it will be difficult 
to stop the car in the desired place, but after some ex- 
perience, one becomes quite skilful in its operation. 


CHAPTER XXVI 

A MODEL GASOLENE ENGINE 

MacIu.m,K tb. oastinga-Making the erankshaft-The carburetor- 
Wpark plug designs — ^Ignition. 

^ J ho has a l-ineh. bore and 1-inch stroke. It 

IS (l(‘.si|>no(l to develop one-eighth horse power but has 
novor l«>on pui, under brake test. The weight of the 
oiigitK! vvitlioni flywheel is slightly less than a pound. It 
is sulfioHGilI) liglii, and powerful to drive a large model 
airphuK' or a I’asl, model boat. 

tSiniplioify marks the design in every particular. It 
is of f lu* i\vo-(‘y('I(^ type -and has no valves, but merely a 
hy-pass loi’ ili(‘ (exchange of exhaust and fresh gases. 
I li(( (^ai l)ur('lor is of the simple mixing valve type which 
may hi' usod with gasolene or even house (illuminating) 
gas moroly by an adjustment of the fuel and the air 
supply. 

The motor is air cooled and for ordinary runs no 
tail has hci'ii I omul necessaxy. It is designed primarily 
tor portahh' use in some situation where the movement 
of the Imat or airphxne creates sufficient draft to cool 
th(^ ('vliiuli'r. For stationary use, part of the radiating 
flangi's miglit well he turned off and. a simple water 
jaeki't adatited to the cylinder. This could readily be 
done tiy littiiig a piece of aluminum tubing over two of 
the thuigi'S, which would, of course, be turned down to 
make a tight force fit, the intervening flanges being re- 
moved. 

Tlie castings throughout, with the exception of the 
piston, are of magnolite, an alloy having a remarkable 
tensile strength with the light weight of aluminum. This 
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metal machines very nicely and the castings come froTn 
the foundry in a remarkably clean condition. The natu- 
ral color is that of aluminum, and the model, therefore, 
presents a fine appearance with but little cleaning up. 

The cylinder easting is bored, of course, and vi'ry 
little stock need be taken out. The easting may well be 
held by the radiating flanges in a three-jaw ehuck for tlie 
boring operation. Care should Ixi taken to s(h> that the 
chuck jaws have a good, firm bearing at all points be- 



Flg. 272 — lie main parts of the engine machined 


fore attempting the cut. The casting is so clean and 
accurate, however, that ordinary care will insure this. 

The best method is, of course, to bore in the usual 
way with several light cuts, and to finish with a parallel 
reamer. This gives as nearly perfect a job as is possi- 
ble with the tools at the disposal of the av(!rag(i model 
maker. 

The next step is to face the end of the cylinder cast- 
ing at the place where it is to join the crankcase. This 
operation will have to be done cautiously in order to 
prevent a “bite. ’ ’ The casting may then be removed from 
the ehuck and mounted upon a wooden arbor with the 
dead center either passing through the spark plug hole 
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or, preferably, engaging a center bole in a plug screwed 
into tlie spark plug opening. 

The turning of the flanges is done while the casting 
is on the arbor. A special tool may be ground for this 
purpose from a piece of self-hardening steel. The con- 
tour is well shown in the photographs, while the diinon- 
sions may be taken directly from the sectional drawing, 
Fig. 271. 

The ports and by-pass holes should not be drilled un- 
til the engine is assembled, as these holes must occmpy 
certain very important positions in relation to the travel 



ig. 273— The complete engine assembled, with ignition apparatus 


and by-pass 

fn^i! drillmg the holes in the cylinder base 

ino- nf screws, the work on the cylinder cast- 

m^ may rest at this point for the present. 

crankcase are cast from the 

chuck ^ *^^®ting may be held in the three-jaw 

Ckuck Vith the jaws gripping the bearing hub. The first 
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operation is to face off the end of the casting. Then may 
come the turning of the interior. This should be finished 
throughout in order to permit the crank to clear by a 
small margin. The hole for the bearing bushing may 
then be bored. The bushing is of brass, turned from 
round stock and forced into the magnolite crankcase east- 
ing. When both halves have been faced and bored and 
the bearings fitted, the castings may be assemlded on a 
piece of steel rod passed through the bushings. With 



Tig. 274— Aluminum aerial propeUer constructed fpr use with the engine 


the halves thus lined up, the screw holes may be drilled 
and tapped and screws inserted. 

The holes in the bushings should have been drilled or 
bored i/si inch under size, and, after the crankcase has 
been assembled, a %-inch reamer should be run through 
the two bushings to insure correct size and absolute 
alignment. Before taking the crankcase apart after this 
finishing operation, the two halves should be filed up at 
the joint so that they may be placed together in exactly 
the same position after the crankshaft has been intro- 
duced. 

The piston is of cast iron and it is packed with three 
rings. The first operation in machining is to gr-ip the 
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casting in the chuck, taking a cut out of the open end, 
and facing otf this end. The casting is then removed 
from the chuck and mounted upon a steel arbor with the 
tailstoek center engaging a center hole bored in the small 



rig. 275-A close-up view of the timing device and carburetor 


projection that may be noticed in the photograph show- 
mg the engine dissected. 


_ ui uie piston may then be turned, th( 

+ ^ smooth, round nose 

1 being slow and the cut very light. The 
liigh in this case. The final 
oU VI, F ^ fiiiish may be taken with emery cloth and 
d, the former being of the finest grade. The fit of the 

thft m it should be so good 

gains he air cushion before the packing rings 
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are in. The grooves for the rings are turned with a part- 
ing tool ground square and to the right width. 

The designers attempted to use east iron piston rings, 
but found that they could not spring this very small 
diameter of ring over the piston without cracking tlie 
ring. They then turned to cold rolled steel and found 
rings of this material perfectly satisfactory. The stock 
was bored out to the correct internal diameter, which is 
just a trifle larger than that of the ring channel in the 
piston. Pieces of exactly the correct width were then 



Fig. 276 — ^Details of a simple spark plug for the engine 


parted from the stock and each piece or ring split diag- 
onally in the usual manner. The split rings were then 
compressed, one at a time, of course, and gripped on a 
nut arbor constructed for the purpose. Then the out- 
side cut was taken on the compressed ring to make its 
diameter a sliding fit into the cylinder bore. This re- 
sulted in perfectly round packing rings that were sprung 
over the piston and into the grooves in the orthodox 
manner. 

The connecting rod is a magnolite easting drilled at 
the small end for the wrist pin which passes through the 
piston and filed to bear upon the crankpin at the large 
end. A brass strap passes under the crankpin, holding 
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the latter to the connecting rod bearing. This method is 
perfectly satisfactory, as all of the work done by the 
connecting rod is on the down stroke. The strap serves 
merely as a means of holding the connecting rod and 
crankpin together. 

The crankshaft may be a forging, steel easting, oi a 
built-np job, or it may be worked out troni the solid it 



Tig. 277 — Showing how a standard market spark plug is reconstructed 
for use with the gasolene engine 


the builder has the patience. The built-up crankshaft is 
perhaps the easiest if it is well and properly made. 

The carburetor is a simple mixing valve in which 
either gas or gasolene may be admitted in varying quan- 
tities by means of the two adjusting screws to be seen in 
the illustrations. The fuel valve is of the needle type 
and its opening breaks into the seat of the poppet air 
valve. The latter is limited in its travel by means of the 
adjusting screw in the top of the chamber. 

The prospective builder is advised to refer to any 
two-cycle engine catalogue wherein such a mixing valve 
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will l)(' roiind illric;tT.o+„j • 

is OIK' of tlK' low ori,. /I providing the engine 

buri'ior is usi'ci. tL f 
a. ivplii'n of 1:1,0 mixino-^^r 

liaps N'ss i,linn lialfVho'" ^0, only it is per- 

^I 1 i(' tiiniiK'- fl ■ t standard ones, 

itsi'ir hill ignition circuit is simplicity 

As (Ik, “ground” 

tanooK.s I'onlaot with tw J Vk 

lx*'-'*''- '"'‘<1 l>v aneans ot ^^e tubular 

(iiiu'r -irni tL^ ol an insulating bushing in the 

■ s ( lK'‘oc,<-',sio, advanced or retarded 

as^tlK. o< , as.on may demand merely by moving the timer 

of tl'i'vi!!<rilio' referred to the importance 

drillod \v’ n assembled before the ports were 

' I . \,.i V'’‘iK to the sectional drawung, the 

ooH in' V 'n^‘ - ^y-P^ss port and the exhaust 

<»'<■ « '< <;(ly ,u line and open when the piston is at 

noli!!, I'iri 'r' ' dovmward travel. It will also be 

' "'at llK' (exhaust port is slightly larger than the 
("<'>■ '>.v pass |,ort. That is, they are uncovered by the 
PKston al, llus ,,onit. The lower port of the by-pass is 
'UH-oven'iI by I ha Iiole in the piston at this pLt to 
IH'rnnt 11,0 ('(imprassed charge in the crankcase to pass 
Ibniugl, !„' by..paHs and into the cylinder against the 
bai le r)Iat,'. ( h,H latter hole is drilled in cylinder and 
piston Ji(, til,' saiiK' time to insure alignment. All of these 
liob'.s are open a,t the extreme downward point. 

As th,' piston moves upward, compressing the charge 
111 til,' cvhnd,'r, all ports are covered by the piston. A 
vacuum is ,'r,'at('<I by the upward stroke in the crank- 
case so tfiat at tho oxtreme upward limit of the piston’s 
travel a ('harg,' ol' fresh gas will be drawm into the crank- 
«nse. Ti, „rdo,- j.o permit of this, the inlet port must be 
<irill(*d Just below the piston when the latter is all the 


i)/ od i */ K uijl n ( ’ ri luj 




/i':: 'li. . 


I! 

I ' ' 

I 

>1 :■ 111;, i' 


wn.y up in (lie <'yliii(l(‘r. Thcsi* rclnf ions an* of ilu' utmost 
importaiH'o to I Ik* ('r(i('i<‘nt workiii.a,' of ilu* ('u,ti,'i!u*. 

A oast iron llywlicol is lidcd to Iho inoilol. It ran 
n'adily lx* dispku'od hy an aluminiuu wad'r or ai*rial pro- 
p('II('r. A partly liiiisliod 14 -iuch adidal l)lad(' is shown iu 
Fi.y. 1 > 74 . 

'TIk* <*iii;-iu(' is oih'd hy uiixin.n,’ l-j l»iid, of ,ii;'<><)d auto- 
mohilo <‘yliiid(‘r oil witli ('V(*ry .nallon of .n'asolim' wli<‘n 
this I'ucl is used, d'lds mixtun* is drawn irdo the craiik- 
oaso and Ilu* <'ylind(‘r on (In* siK'tion stroke. 'Fin* oil oii- 
t.('rs as a. liiu'ly <livid('d spray which do(‘s its work most 
<*n'(‘<'tiv(‘ly. ir houst* ,yas is usi'd, tin* oil will have to ])o 
[)ui int.o Ilu* crankca.s(' whoia* it will splash on I.Ik* down- 
ward strok(* of tin* piston, d’lu* oil lovi*! luust hi* k(‘pt low 
in this ca,S(', as otlK'rwis(' too .u’rcat a ijuanlity of oil will 
Ik* dra.wn into tin* cylind(*i- thronyh the hy pass and canso 
carhonizat ion, smoky exhaust, and poor comhustion. 

'TIk* uio(h*l hnihhu' fi:<*iK*rally liiids it difticult to pur- 
ctias(* small spark j)lnj:^’S for model p;asolem* imdors. 'Fho 
spark plu,n' shown in tin* illustration can Ik* maih* in tho 
shop in a V(u‘y low minutes and will Indd up un(h*r sorv- 
i ('(5 For SOUK* tiiiKx 

’’Idle ('as(i of tho plufj; is nuuh* from a pit*ci* of hs-incli 
pipe hor(*d out so that a, pi<*ce of Yui tuhin.i^ may he 

pla,c(*(l in it. ddn* pipo is tiled Hat, as shown, so that it 
may ho |)ut in pla<'<* with a wrench. 'Flu* i*'lass iuhti is 
First li(;at(*d a,nd lK*nt into tin* shape d(*pict<'d in the 
sketch. This is to pr(*V(*nt it from hein.uj foi-i'i'd out of 
tho pipe hy tin* iiri'ssun^ d(‘Volopi‘d in tin* cylindor of the 
/>:as (‘ni>'in(*. A slond(*r brass machine s<'r(*w is arranged 
concoutrically within tho glass tulK*. 'Flu* space lH*tw(*en 
tlui glass tuho and tho wall of tin* pipi* and the, space 
hetwoon tho irnu'hino scr(*\v ami tin* glass tuho is (illod 
with plaster of Pari.s, whicli, when thoroughly dri<*d out, 
forms a very good insulating compound. A tiny hole is 
(irillcd on tho lower edge of tho pipo and a small piece 
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of wire is inserted in this and soldered in place. This is 
arranged in a small loop and the electrical discharge of 
the coil takes place between this and the head of the 
brass machine screw. Another plug suitable for this en- 
gine and which can be easily made is shown in Fig. 277. 

To make this plug, procure the core or inner member 
of any of the two-piece tapered core, mica plugs, such as 
Splitdorf, Benton, Wright or Hosier. Saw off the pro- 
jecting mica and finish off the remainder with a file to a 
smooth rounded surface, as shown in the drawing. Then 
. insert the wires in holes drilled for that purpose, either 
by shrinking the core over the wire or clinching the wire 
in with a punch. The wires may be arranged in a variety 
of ways, many of which will suggest themselves to the 
builder. The easiest and simplest would be to fasten 
the wire in the center electrode and bend it so that the 
spark would jump from the wire directly to the shell. 

Cooling vanes may be cut in the hexagonal portion 
of the shell, if there is enough material, but with a mica 
plug this is unnecessary. 

The only disadvantage is that a large plug must be 
purchased to start with; however, the finished plug is 
well worth it, being every bit as good as the plug from 
which it was made and easier to'elean. 

The spark coil for the engine can be purchased in 
the open market or it may be made. A small %-inch 
spark coil would be sufficient in case the coil is purchased. 
If the coil is made by the builder, it should be so designed 
that it will give a small, heavy spark about Ke inch long. 


CHAPTEE XXVII 


A MODEL ELECTKIC LOCOMOTIVE 

The prototype — Construction of the locomotive — ^Its driving motors 

Finishing the locomotive. 

This interesting locomotive opens a new field of re- 
markable fascination to those interested in railway 
models. Its prototype is the giant duplex electric engine 
of the Pennsylvania Eailroad, which is of especial' in- 
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frame, in each unit. From a crank disc on each end of 
the motor shaft, angularly placed connecting rods lead to 
a crank mounted on a jackshaft, which in turn is coupled 
to the drivers by side rods of the type employed on steam 
machines. This construction, unusual in electric locomo- 
tives, makes the model a very attractive one. The model, 
which exhibits exquisite workmanship in its construc- 
tion, measures twenty-eight inches long over all. 

Fig. 279 gives complete dimensions and details of tin! 
engine units, the two units being, of course, identical in 



Fig. 280— Tie locomotive chassis, showing the driving motors and the 
method of gearing them to the drivers 


tiry particular, ine main iramos are cast of brass or 
bronze, in one piece with the axle boxes, jackshaft bear- 
mgs, and bearing- blocks for the shaft corresponding to 
the armature of the driving motor in the prototype. No 
difficulty is likely to be experienced in finishing these 
par s, asi e rom the necessity of obtaining perfect paral- 
lehsm of all the shaft bearings, in order to insure the 
easy working of the connecting rods. This method of 
eon^ruction greatly simplifies the model, and while it 
sprmgmg whatsoever, attempts to employ 
eisMS^frrST Proven particularly suc- 

Tho wi? f Tindoubtedly best dispensed with, 

employed 

shoffiTbp “ designs. The jackshaft cranks 
Hid be carefully counterbalanced. In quartering the 
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erankpins of these members the same method was used 
as was employed in the construction of the Pacific type 
of steam locomotive described in Chapter XXVIII, which 
greatly simplified this work. The wheels were first 
mounted on their axles in approximately their correct 
positions and then a U-shaped jig is placed over the 
wheels and the crankpin holes drilled exactly 90 degrees 
apart, insuring that the cranlcs will be in their correct 
relation when the side rods are fitted. The bogies are 
simple four wheel trucks very similar to that of the 
Pacific engine, and need no further explanation. The 
side rods can be east of brass or gunmetal or worked out 
from the solid piece, and present no particular difficul- 
ties. The brake rigging may be simply dummy or actu- 
ally operative, and small solenoids may eveii be fitted to 
give electro-magnetic brake control of the engine. A 
small bolt with coil springs as cushions is used to couple 
the two sections. 

The cabs are made of sheet brass, well braced and 
soldered, and spring over the platform of the, base. They 
carry the searchlights, which may be fitted with small 
flashlamp bulbs, small dummy pantographs, which, in 
the large engines, are used in yard switching where over- 
head contact is necessary, the bells, and ventilating hoods. 
The windows may be either of glass or mica. The finish 
is in black and gold, identical with the large Pennsylvania 
No. 30, and the lettering is easily done with small paper 
letters pasted on the cab. Pitting the cowcatchers and 
ehd platform railings completes the model. 

A number of arrangements of driving motors were 
experimented with by the builder, starting with tripolar 
permanent field motors driving crown gears with a re- 
duction of five to one, the object being to reverse the 
engine by changing the polarity of the exterior .track 
connections. The gear reduction proved insufficient, 
however, and a worm and pinion combination giving a 
/ 

/ 
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forty to one reduction was attempted. This arrangement 
may be seen in the photograph of the engine with the 
cabs removed. While possessing great power, the re- 
duction was here too great, and the proper solution to 
the problem seems to consist either of a combination of 
Avorm and spur gearing to give a higher speed, or, if one 
can be secured, a double thread worm and forty tooth 



Fig. 281 — Side view of the electric locomotive 


pinion giving a twenty to one reduction. The permanent 
magnet motors were not an unqualified success, and it 
is undoubtedly advisable to abandon the directly reversi-' 
ble feature and employ standard motors of either 110 
volt or battery types. There is ample room in the cab 
for any arrangement that may be desired. The current 
collecting mechanism, of course, depends upon the dis- 
position of the third rail. 



CHAPTEE XXVIII 

A MODEL, STEAM LOCOMOTIVE 
locomotive prototype — General design — Construction — ^Fittings. 

The model described is of a Delaware, Lackawanna 
& 'Western, Pacific type, passenger locomotive, built by 
the Lackawanna Eailroad about June, 1913. At that 
time it was the largest passenger engine of its type in the 
w-orld, the engine alone weighing 284,000 lbs. and the 



Fig. 282 — The Lackawanna locomotive 


tciiicier 165,700 pounds in working order, and having a 
<‘cxpoacity of 14 tons of coal and 8,000 gallons of water. 

The construction of the model is started with the 
main frames, which were made of %6-mch cold rolled 
.steel, drilled, filed and sawed out to represent the usual 
bai* frame of American practice. Although this frame 
oi' %6-ineh thickness seems excessive, it furnishes an ex- 
('(‘llexit foundation for the valve gear frame and cylinder 
sadLcile. This heavy framing only extends about an inch 
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behind the rear driviao; .vIhh-I axl(> Proni hero t. 
the end of the Iranu^ i.s only indi in thiektu'.ss tli(> n. 
end being ti(Ki by a brass <.asting and ih,. forwanl ml’ 
by the cyhndcu- castings wliidi (nnlrrace tlu. franio . 
shown in front viiav of engini*. ' ““‘‘ j <■« 

The next step to be hdeen i.s tin* axle Iioxes; these ,re 
of brass and lum^ amph* bearing surfaces, beiii"' no 
than -/io inch wide. Tint (‘onipiuisafing si)ring**'iijin(i' f. 
and brackets are built oii tluisi! axle boxes as sh 

The trailing truck comes m'xf. b’his bfl« • , 
pendent franuug of J/^-incli <a>ld rolled steel, conncclint 



Pig. 283-Tha locofflotlxe mounted upon lt« teetlug «ta„d 
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ii^Sete7, tL°i7s whMl"’l‘Jy ^"7™ r'“* 
and front truck wheels 18/ • »i«he8 diameter, 

iag the driving ?”■>''*“■■■ I» Oerter-’ 

» TOCUS tor the oraiikpms, a novel method 
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%vas used wliicli proved very successful. Tlie wheels were 
first taken in hand, bolted to the face plate, rough tuT-ned, 
centered and drilled % inch for axle. Tlie axles w(‘r(^ 
turned between centers out of large enough material to 
l^rovide for turning all over to % inch diameter. Tluui 
the shoulders were turned to inch; a driving fit for 
driver-wheels which are now driven on to axles with tlu^ 
crankpin bases as near 90 degrees apart as possil)l<‘. 
To drill the holes for the crankpins, a jig was made, as 
shoAvn by the drawing; and when the holes are drilknl 
and pins fitted, it vdll be found that there is nothing to 
be done in the way of fitting side rods, as everything will 
work out absolutely corerct. The crankpin for tlie main 
driving wheel is extended beyond the driving rod for the 
return crank of the valve motion. 

The cylinders are east of gunmetal, as in the original 
engine, in halves, and bolted together at tlie emiter. 
Steam is distributed by a piston valve with inside admis- 
sion. The piston valve has no exhaust lap and very litthi 
lead is given to steam admission. The piston valve is 
first ground in and then grooves turned in and packed 
with a graphite steam packing which wears very well and 
furnishes lubrication for the valve chamber. This pack- 
ing was found necessary owing to the fact that when the 
engine was put under steam for the first time, the steam 
would blow through the valve as soon as lubrication was 
gone, in spite of the fact that air tanks at the side are 
displacement lubricators. The piston valve rod has a 
guide and crosshead, as shown on plan and elevation. 
Crosshead and crosshead guides are machined from cold 
rolled steel, and the guides are held in position by a 
bracket fastened to the valve Imk frame, making a very 
rigid construction. The method of fixing crosshead 
guides IS always a vexing problem. These guides are 
threaded at one end and screwed into the back cylinder- 
head, then held apart the proper distance by a bracket 
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which is made from one piece of cold rolled steel, and 
suspended from the valve link frame. The cylinders are 
also provided with release valves. These are ball valves 
and are released by moving the release rod backward or 
forAvard, the valves working on a taper. 

The valve motion is the full Walchaerts valve gear- 
ing, brought down absolutely to scale and actuating the 
valve perfectly. Eccentric rod, valve rod, combination 
leA^er and erosshead union link are all made of German 
silver; valve rods and piston rods are also of the same 
material. The valve linlt is made of cold rolled steel, 
case hardened. Reversing of the engine is done by means 
of the bell crank lifting valve rod up or down in the link, 
as the ease may be, and is operated by screw reverse 
in cab. 

The boiler is built on the well-known and tried 
Smithies principle. The boiler proper is built of copper 
tubing 2% inches diameter and 5%,-ineh copper water 
tubes put into the boiler, as shown in the elevation. The 
back and front plates are of cast gunmetal. The front 
plate also has a throttle valve casing east on it and is of 
the sliding type, working on the inside of the steam col- 
lecting tube. Steam is supplied to the cylinders by sepa- 
rate steam pipes. Each steam pipe leaves the valve 
casting, goes to the back of boiler, to firebox, returning 
to smoke box and then to cylinder by way of outside 
steam pipes. The boiler shell is built of Russian iron 
plate and w^ell lagged on the inside with -sheet asbestos. 
Both domes are dummies. The boiler fittings comprise 
w'ater gauge, pressure gauge, check valve, blower valve, 
whistle bell, safety valve and Westinghouse air pump on 
left side. The blower is quite a novel idea which wms 
gained from Mr. ‘W'ardlaw’-, the builder of the prize- win- 
ning fire engine at the last Model Engineer Exhibition 
and pictured in the frontispiece. Ordinarily, it is diffi- 
cult to get the blower to blow'^ true to the center of stack, 
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but here it is quite a simple matter. Tie blower pipe is 
brought along underneath boiler and connected by union 
to the blower nozzle at the base of the exhaust pipe, 
^\diieh at one operation brings blower in true line with the 
stack. Reference to the drawing will bring this to view 
more plainly. 





CHAPTER XXIX 


A MODEL GYEOSCOPE BAILEOAD 

The actions of gyroscopes — Design and construction of the car — ^Elec- 
trically propelled gyroscope — Bails. 

Many model makers have probably often wished they 
conld eonstrnet a small gyroscope railroad, but ovdng to 
the scarcity of literature on the subject of practical gy- 
roscopic balancing, they hesitated to start work upon the 
project. The, writer has spent considerable time upon 
this particular study and has developed and constructed 
a small monorail ear which maintains almost perfect 
equilibrium and presents few difficulties in building. 
Several original features are incorporated in the design 
of the gyroscope used. 

Although a gyroscope completely obeys the laws of 
gravity, its action is very mysterious to the la^nnan and 
a few words on the subject will probably be welcomed 
before the actual construction of the car is taken up. 
Reference is made to Figs. 285 and 286, which will assist 
in explaining some of the principles involved. A gyro- 
scope may be described as a rapidly revolving wheel 
■which resists any tendency to change its plane of rota- 
tion. In Fig. 286 the gyroscope is mounted so that the 
axis of rotation (A B) is vertical, while the axis of pre- 
cession is transversal to the line of support (C D). As 
long as the gyroscope remains in a perfectly vertical po- 
sition, its plane of rotation will continue to be vertical. 
If it is tilted as shovm in Fig. 285, however, the gyroscope 
■will have a noticeable tendency to dip, and this is called 
^‘precession.” This peculiar action of the gyroscope 
can be used to advantage in balancing a car by means of 
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a “precession fork.” The idea of the precession fork is 
to enforce increased precession upon the axis A B the 
instant the ear does not stand vertical npon the rail. In- 
creasing the precession in the direction in which the gy- 



Fig. 285 — Showing the procession of a gyroscope in the direction indicated 

by tbe arrows 

roseope tends to process will create a new torque in the 
direction of the vertical and at the same time the axis 
A B will turn back to a vertical position. If the forced 
precession, which the gyroscope actually stores up within 
itself, is not sufficient, the car will tip over, and if this 


A 



Fig. 286— The gyroscope mounted so that its axis of rotation Is vertical 


precession is too great, the ear will right itself too quickly 
and fall to the other side before the gyroscope returns 
to the position necessary to maintain equilibrium. Fric- 
tion IS the factor which produces the forced precession, 
therefore the coefficient of friction must not remain con- 
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stant and the proper metal to use on the precession fork 
must be found. 

The general constructional details of the car and 
gyroscope will now be treated. The body and base of 
the car is made of wood, although the base can be made 
of light metal if the builder so desires. The top is made 
of tin and is provided with small ventilators. A small 



Tig. 287 — The model gyro-car balancing itself upon a wire 

headlight is also arranged on the front, and this need 
not only be ornamental, but can be supplied with current 
from the source that drives the ear. The windows of the 
car can be made from glass or thin mica, which is easier 
to cut and looks Just as good as glass. The wheels, of 
course, are made with a double flange, as they w ill slide 
off a single rail if made in the usual manner. The trucks 
are shown in detail in Fig. 290 and the reader is cau- 
tioned to mount them exactly in the center of the plat- 
form. Otherwise, the ear will not be balanced properly 
and the gyroscope will be called upon to work harder 
than would otherwise be necessary. 

Especial attention is drawn to the method of mount- 
ing the motor. The necessity of making the driving 
truck a compact unit will be readily seen, as this must 
be done so that the car wdll be able to turn curves. If 
the motor was mounted on the floor of the car, it would 
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be a very difficult matter to arraxig-e 
ism so that the truck would be 
curves. If it is mounted in the manno^:' ^ 
f ^^perienced. The worm gQse^ 
pend largely upon the speed of tiie rcio 
trame of the truck can be bent into 
gauge brass and either riveted or soI^g:, 

for the motor will have to be placea a. Ij 

an 1 e great effort should he iiia,clo to 
7 placing everything on board in a eeaai 
e.\ception mil have to be made in this ea .5 



ig. 288 The model gryro^car halancingr ztseljf 
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- wiiij. small lead weio*’ 

vision IS made for the motor. 

The arrangement of the gyroscor,ir> 
clearly shown in the sketch. The 
;^th a motor which has a speed of 7^ 

and both^^tlf^^^^ connected directly- to^ i 
and both the gyroscope and motor 

gnnbal so that the gyroscope iTfrel fT ^ 
rection parallel to the motion of +i 3xtc 

backward or forward. The ^ 

placed between the precession forks , 
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f It* 

sheet brass. They are mounted on two small posts, 
clearance between the axle of the gyroscope and 
precession fork should be very small, and yet the 
Scope should in no way be hindered from revolving 



VI. til absolute freedom. The gyroscope and all its parts 
dionld be well lubricated with a very thin machine oil. 

Owing to the fact that small gyroscopes cannot bal- 
uice a wmight of over two pounds, the possibility of driv- 
3- car two feet long with dry batteries becomes very 
•emote. By arranging an improvised trolley on this 
no del, quite a heavy current can be carried to the motors 
vitliout any addition in weight. To do this, a wire is 
uisp> ended directly over the rail or wire upon which the 
‘ai* is to run. Each wire is connected to the source of 
'UXTent and the current is led into the car by a small 
!Oi*d which runs to a little pulley or trolley that runs 
dong' the copper wire. An ordinary troUey cannot be 
ised, as this would tend to prevent the ear from tipping 
ind "the gyroscopic effect would be lost. The small flexi- 
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ble cord permits the gyroscope to do its work, and in 
this manner unlimited power may be provided for the 
motors. If it is desired to run the ear on a rail in place 
of a suspended wire, a method of making rails from 
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Fig. 291 — Top of tlie gyroscope, showing the precession fork 

heavy wire and mounting them on ties is shown in the 
drawing. In making ears of this type, the following facts 
should be kept in mind by the builder : 

The center of gravity should be kept as low as pos- 
sible. 



Fig. 292 — ^Details of the gyroscope 


The car should be perfectly balanced. 

The weight should be reduced to a minimum. 

If these instructions are carefully carried out the 
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build-sr should have no trouble in producing a successful 
gyroscope model. 

If the ear is run on a rail in place of a wire, the trol- 
ley wire will he suspended in a different inannci and a 
different type of trolley will have to he used also, ihis 
is necessary because the trolley must be supported by 
poles and the trolley used on the single wire cannot get 



Pig. 293 — ^Ho-w rail joints are made, using heavy wire as the rail 


past the wire supports. In this case, an “L” shaped 
trolley can be employed so that the trolley wire supports 
can be fastened to one side of the trolley wire. 

By use of the heavy wire for the rail, a large railroad 
can be buUt with very little ‘cost. A rheostat can be used 
in the motor circuits so the builder can control the speed 
of the car at vull. 



CHAPTER XXX 

A MODEL CATERPILLAK TAITK 

Framework of the tank — Tractors — ^Driving* motors and gearing — Reel 
for feed cable — Covering the tank. 

The construction of a model tank that limbers along 
under its own power just as the big fellows do offers a 
very interesting project for the model maker. 

The framework of the tank is made almost completely 
of wood. The construction is started by cutting out the 
two side pieces from %-inch stock. At the widest point 
these pieces measure 9 inches and they are 25 inches 
overall in length. The shape of these sides can be seen 
by referring to Fig. 294, which shows the side of the 
tank. The drawing is not dimensioned, as it is believed 
most builders would alter the design to suit their owm 
tastes and that the general directions would suffice. If 
the build§r desires to make the tank exactly as shown, 
however, he should not experience any trouble, as the 
various parts can be proportioned in accordance with 
the dimensions given for the two side pieces. The proper 
size of the various parts can also be seen from the draw- 
ings, as they have been made exactly in proportion. 

After the side pieces have been cut and trimmed up 
with a wood rasp, several cleats are nailed to their inner 
sides. The shape and position of these cleats is shown 
very clearly by the dotted lines in the drawing of the 
side of the tank. These cleats serve two purposes. They 
are used to nail the crosspieces to and they are also used 
to offer better bearing support to the wooden rollers that 
carry the belt. The crosspieces are nailed in place as 
shown. A large board is nailed to the bottom of the two 
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cleats that run along the lower end of the tank from the 
big driving pulley in the back to the large pulley loca^ted 
near the front at the bending pf)int of the belt. This 
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ekats that run along the lower end of the tank from the 
big driving pulley in the back to the large i:)ulley located 
near the front at the bending point of the belt. This 
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rig. 294 — ^Details of the model tank 


large board acts as a floor and support. The other 
crosspieces act merely as braces. 

The rollers are made next and several different sizes 
are needed, as will be seen. Twenty of the small rollers 
VI 1 be used and these should not be under one inch in 
n jength should be just equal to the width 
0 tlm belt used The pulley or rollers measure ly^ inches 

piece of the proper size. If the builder does not have 
Lwp f ^ ^^^«od-turning lathe, the rollers may be ob- 
tamed from a planing mill. The bigger rollers are pro- 
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vided with, flanges which keep the belt in the proper po- 
sition, the smaller rollers merely acting as supports. 
The small rollers are held in place by l^-ineh cold roll 
rods provided with a thread at one end and a hole at 
the other through which a cotter pin passes to prevent 
the roller from slipping off. The threaded end of the 
rod is turned down so that there will be a shoulder. A 



Pig. 295 — The model tank with the sides removed 


small washer is placed over the threaded end of the rod, 
and this comes to rest against the shoulder. The rod is 
then placed in the hole in the wooden side and a nut 
screwed on the opposite side. This holds the rod rigidly 
in place and the roller can then be put in position and 
locked there by means of the cotter pin. It is understood, 
of course, that the rollers should be permitted to revolve 
freely and with a minimum of friction. The large rollers 
are not held in this manner. In place of the small rod 
that acts as a bearing for the smaller rollers, a rod runs 
from one side of the tank to the other, protruding at each 
side. These rods should not be smaller than % inch, and, 
with the exception of the main driving roller on the back 
of the tank, they are held in place by means of a cotter 
pin and washer. 

The tractors of the machine are made from two 
lengths of one-inch leather belt. Small wooden blocks 
are fastened to the belts by means of nails or brads. The 
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blocks can be nailed close together or spaced a sliort dis- 
tance apart. If desired, the nails can be of siuih a h'ligdh 
that they ■\\dll protrude a short distance on th(i opposite 
sides of the blocks so the tractors will obtain a bdtc’ir 
grip on the surface the tank is traveling on. 

The driving units will now be considered. The driv- 
ing rods are provided with large gear wlieels whicdi nra 
driven by worms on the motor shafts. It Avill be S(>(‘n that 
each of the large driving rollers ai-e provided with a, 
separate shaft and the ends of these are both support<‘d 
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duction necessary will depend entirely upon the speed of 
the motors. The motors are connected to the driving' 
shafts by means of a knuckle or improvised universal 
joint. This is quite necessary to prevent binding and 
constant readjustment of the bearings, as the wooden 
supports are not capable of holding themselves rigidly 
in place and will therefore cause trouble. This universal 



Pig. 297 — The reel and commutator device for the feed cables of the 

model tanh 

j oint is very simple and merely consists of a pin or ‘ ‘ tee ’ ’ 
on the motor shaft proper running in a U-shaped piece 
on the driving shaft. The photograph shows this ar- 
rangement clearly, as well as the method of mounting 
the motors in the cradle and clamping them down. 

The tank is now ready to be covered with galvanized 
iron. Two pieces are first cut to cover the sides. These 
are drilled full of small holes arranged systematically. 
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Small rivets are then placed in the holes and hammered 
down. The top is covered in the same manner. If the 
builder desires, he can arrange the guns on the sides and 
front. To carry the model nearer to perfection, it can 



Fig. 298 — ^Wiring diagram of the motors and controlling rheostats 


be daubed with, various colored paints to represent 
camouflage. 

Being that the driving motors of the tank obtain their 
power from the lighting circuit, it will be necessary to 
have the tank pull its feed cables with it. An arrange- 
ment devised by the builder is shown in Fig. 297. Two 
50-foot flexible cords are wound up on an especially con- 



Pig. 299 Drawing showing how the lank appears when completely 

assembled 

strueted reel. TMs reel is provided witli four copper 
rings and brushes so that the current can pass into the 
ca,bles while the reel is revolving. Mounted on the board 
with the reel are two small rheostats, one for each motor. 
By varying the speed of the motors, the tank can be 
steered nicely. If one motor is stopped, the tank will 
pivot itself and turn very shortly. 
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The ingenious builder will readily see the possibility 
of mounting a small caliber gun in one of the gun turrets 
and actuating it by means of a solenoid and plunger. The 
plunger is attached directly to the trigger of the gun. 
If blank cartridges are used, a very realistic effect can 
be had. The feed wires for the solenoid can be carried 
on the same reel that holds the vdres for *the motors. 
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Machine work on the gun — Construction of the wooden wheels — Finisliing 

the gun. 


The barrel of the gnn is to be considered first. This 
measures IdWie inches long oyer all. It has a bori^ of 
% inch and is 2^ inches in diameter, at its largest point. 
The barrel should be turned out from a piece of 214 -inch 
cold rolled steel and is tapered as shown in the drawing. 
The breech of the gun measures 1% inches outside diam- 
eter and this tapers to 1% inches at the center of the 
gun. From this point it tapers from 1% inches to 
inch at the muzzle. After the barrel is turned to th(^ 
proper shape and dimensions it is bored out and rcuuiKuI. 


mile the original model is rifled, the builder is not a<l- 
vised to do this unless he is especially quMlili(‘d to ae- 
eomplish the operation, as it requires grmit skill and 
elaborate equipment. The gun, of course, (mn be flred 
without being rifled and rifling adds no great valuii to 
the finished model. 

The hole for the breech mechanism is made next by 
boring a hole inch, drilling transversely tlirough the 
barrel of the gun, as shown in the sketch. After this hohi 
is diilled, it is finished square on one side by means of a 
file. The rear end of the barrel is left open and the hole 
IS slightly beveled on the edges to permit the free en- 

muzzle is turned and 
^ polished with fine carborundum cloth. 

_ The breech mechanism is made next and this is very 
simple, consisting merely of a solid piece of cold rolled 
el cut to the dimensions shown. This is inserted in 
the transverse hole through the breech of the gun after 
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eye bolt on the lower end of the carriage frame. Idle 
handle or wrench which is used on the locking arrange- 
ment is cut from cold rolled steel or brass and lias a, 
square hole in it which fits over the shaft of the (‘c.('(‘n- 
tric. Owing to the peculiar shape of the bi’eei'h, it will 
be impossible to do any of the work on tlie hitlie. It 
would not be found difficult, however, to form this by 
other means, as with careful filing and grinding it can 
be accurately made. The supporting shafts sliould now 
be fitted to the sides. These measure % incli in dianu'ter 
and they may be threaded and screwed in place by drill- 
ing and tapping a hole in the barrel to receive them. 


Although the sighting mechanism is not essential, it 
adds greatly to the general appearance of the weapon, 
and it is not difficult to construct. A small, sliarp-pointed 
pin is inserted midway on the barrel between the munzle 
and the breech. The other part of the sight is attached 
to the extreme rear of the barrel and consists of a small 
scale arranged to slide vertically and provided witli a 
small set screw, by means of which it can be adjusted to 
various heights. On the top of the scale there is filed a 
small notch, by means of which it is possible to sight the 
gun with the pin in the middle of the barrel. 

The carriage of the gun will be considered next. This 
can be made either of cold rolled steel or brass, as the 
builder desires. The sides of the carriage can be made 
up nicely from i/g-inch brass plate and the edges should 
be bent at right angles and drilled as shown. The two 
. sides of the frame are held together with two cross bars 
of cold rolled steel which are bolted in place. The end 
of the frame wMch rests upon the ground is cut as shown, 
and covered with sheet brass or steel, bent to the same 
shape as the end of the frame pieces. A small hole is 
ffi-illed m the sheet brass which runs across the back of 
the frame to provide for a chain, which prevents the gun 
from flinchmg. If a shaper is at hand, the frame pieces 
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can be made from cold rolled steel measuring inches 
X % inch X 11 inches. Although this will make a very 
isubstantial piece of work, there is no objection to the use 
of brass, as the whole gun is painted black after it is 
made. Two small folding steps are placed on each side 
of the gun and attached to these is a small steel rod 
which drops to a vertical position when the step is raised 
and thus holds it in place. These steps are used when 
the gun is being loaded and not when' the barrel is being 
adjusted, as many would think. 

The elevating screw, which is used to adjust the 
range of the gun, is next made and this is actuated by the 
handles that appear on each side of the carriage. Each 
handle is attached to two separate shafts, at the opposite 
end of which is fixed a small beveled gear. These two 
gears on the small shafts engage with a larger beveled 
gear that is fixed to the elevating screw. As these han- 
dles are turned around, the barrel of the gun can either 
be raised or lowered, depending upon the direction in 
which the handles are turned. Although the elevating 
mechanism on the original model is somewhat elaborate, 
the builder can alter the design to suit his own desires, 
as this motion can be very easily produced by a more 
simple method. One end of the elevating screw is at- 
tached to a rod which runs from that point to the middle 
of the bearing supports, where it is fixed to a rod which 
runs across the carriage. This rod is free to move with 
a vertical motion as the gun is raised or lowered. 

The bearing supports are cut from cold rolled steel, 
and unless they are made accurately the barrel of the 
gun will not move freely. The bearing supports con- 
sist of two separate parts. The part upon which the 
barrel actually rests is bolted to the frame of the car- 
riage and the other part consists merely of a small piece 
which slips over the lower piece of the support and pre- 
vents the shaft from slipping out of place. This is quite 
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a difficult part of the gun to produce and there would l)e 

no oboection to making an ordinary beariiia* to take its 
place. 

The shaft for the wheels is now put in place and the 
bearings for these are bolted to the upper end of the 
carriage frame. The wheels- are made out of wood and 
this can easily be done by cutting two semicircular rim 
pieces with a coping saw. The spokes are cut from oak. 
and one end is made to fit in the hub, and holes are drilled 
in the two rim pieces to receive the other end of the 
spokes. Before the spokes are put in place, the holes 
should be filled vdth a good grade of carpenters’ glue. 
After this is done the periphery of the wheel is wound 
with wire and is left in this way until the glue is firmly 
set. A small brass bearing is then inserted in the hub 
and a thin strip of sheet iron is placed around the periph- 
ery of the wheel to act as a rim. The rim can be made 
of the proper diameter, after which it is brought to a 
red heat and burned on to the wmoden wffieel. Two sTuall 
hnshings placed on the wffieel shaft prevent the wheels 
from sliding out of their place. Attached to the back 
end of the carriage is a small scale which drops into po- 
sition when the gun is being fired. This is graduated in 
millimeters. Directly under the wheel shaft there is an- 
other scale graduated in the same manner, Achich also 
drops into position when the gun is fired. These scales 
are used to bring the gun back to its proper position after 
it flinches upon being fired. The forward scale is held 
in place with a hook and this hook releases it and it drops 
in a vertical position. 

This completes the gun, and after all parts are pol- 
ished it can be painted a dull black, which gives the fin- 
ished model a very husiness-hke appearance. The paint 
should have no gloss in it, as this would detract from 
the appearance of the model. 



CHAPTEE XXXII 


'*1 


HORIZONTAL SUNDIAL 
Construction — Marking — ^Finishing 

Although sundials are not used for indicating the time, 
they are of great interest to those who are scientifically 
bent, and in this article some simple instructions for 
making a circular horizontal dial are given. 



Fig. 304 — vertical sundial of EngUsh design that indicates both 
summer and winter time 


First of all procure a piece of soft white wood about 
%-inch thick and about 10 inches square. Draw on this 
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a circle 9 inches diameter with a pencil compass, and cut 
round along this line with a fretsaw, the resulting circular 
piece of wood being shown at A in Fig. 305. Now scribe 
a circle 7 inches diameter with an old pair of dividers, on 





Perspective View of the Complete Sundial. 

this, as shown in Fig. 307. Cut out a slot 3i^ inches long 
and Vs wide with a fretsaw, which is to take the 
gnomon or style Fig. 306. 

This gnomon, or style, should nest be fitted to the 
circular wooden base by inserting the bottom into the 
slot B and gluing well into place as shown in Fig. 308. 
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Care must be taken to ensure that the style is fixed exactly 
at right angles to the dial board. This can be done by 
testing it with a setsquare, first one side and then the 
other. 

Now the dial is practically finished, excepting the 
markings to record the time. 

The two lines representing noon can be scribed with a 
sharp penknife, as shown in Figs. 307 and 308 on the 
north side of style, i.e., the direction to which the style 
is pointing. The reason for these two lines in. apart, 
is to allow for the thicktfess of the style. The lines for 
6 a.m. and 6 p.m. can be scribed as shown. The inter- 
vening hours had better be found by trial, although if 
those shown in Fig. 307 be transferred they will be ap- 
proximately correct. 

The best way to do this is to place the dial perfectly 
level with the aid of a spirit level, on a suitable support 
in the garden where the sun shines all day, so that the 
noon marking is pointing to the north. Select a sunny 
day and with the aid of a good watch showing mean- 
time (i.e., one hour slower than summer time), and add- 
ing or subtracting so many minutes to allow for the 
equation of time, endeavor to mark the half-hours and 
hours. Supposing you wish to calibrate this sundial on 
August 1, you would have to add 6 minutes to the time 
shown on the watch. 

The dial being temporarily fixed as before stated, a 
mark should be made every half-hour with a fine pointed 
pencil, and when all the hours and half hours between 
4 a.m. and 8 p.m. are obtained they can be scribed on 
with a penknife and the figures put on as shown in Figs. 
307 and 308. 

The sundial is now complete and should be given a 
thin coat of any good transparent varnish and left to 
dry for at least two days. When dry it can be per- 
manently fixed on the top of a stout wood pole or fancy 



pillar in a snnny position, care being taken to get it 
exactly level and pointing to tlie north. Fig. .jiJS sliow.' 
tire finished dial on a wooden pole. 

The following table gives the approximate - , 
of time for the first of every month tliroiiglKr.it tiie’ year : 


Min. Ml. 

January 1st +3 July l.st — id 

February 1st +13% August 1st — fi 

March 1st + 12^4 Septemiter 1st — 0 

April 1st + 4 October 1st — 10 

May 1st — 3 November 1st — 16 

June 1st — 2% December Isf — 10 


The plus sign indicates that the eciuation of Time is 
to be added to the meantime and the minus sign tluit it is 
to be subtracted. Times for intervening dates can Ije 
found in any nautical almanac. 


- 'll 



CHAPTER XXXIII 

A MODEL STEAM YACHT 
Planning the work — Different Parts 

The model steam yacht ‘ ‘ Georgia ’ ’ was built from the 
picture of a steam yacht which appeared in one of the 
popular yachting magazines. 

After figuring out a scale from the picture to work by, 
two blocks were cut to form the keel line and then nailed 
to a board about 7 feet long. The keel, which is a strip of 
white pine 14 x % ^ 5 ft. x 6 ins., was fastened to 

this with small brass brads. 

The stern was cut to shape from a piece of ^ in. x 2 
ins. stock 6% ins. long and cut away from the forward 
edge to a depth of % in. to receive the planking. The 
stern frames were made from % in. pine, and the upper 
one is 3 ins. long, while the lower one is ins. Each 
side of both pieces is cut away to a depth of Vs iix x in. 
to receive the planks. The lower frame on the under- 
side was cut away the full width to a depth of % in. 
running back I 14 ins. In the center, another cut was 
made % in. deep and in. wide, into which the keel 
Avas fastened. This is shown clearly in the engravings. 
The two frames are then temporarily fastened together 
by nailing them to the block cut at an angle on the under- 
side to give the correct slant to the lower frame. They 
are then temporarily tacked to the keel with small brads. 

A form was then cut from a V 2 in. board to act as a 
guide in cutting the frames to shape. As there was no 
cross section view of the yacht, the shape had to be orig- 
inated. It was then fastened to the keel with small nails 
midway between the stern and stem. One of the strips 
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(it had been previously turned out at the mill from clear 
pine Ys in. x in. x 7 ft.) was screwed firmly to the 
upper rear frame and to the stern to form the deck line. 
After a strip Avas in place on each side, two more were 
fastened to the lower stern frame and carried forward 



Fig. 309 — close-up view of tlie cabin 


to the bow. Two more were then fastened on each side 
of the keel about midway between the keel and the last 
strip put in place. This gives a general outline of the 
hull. Patterns were then cut out from heavy cardboard 
and fitted into the frame work of the hull at intervals of 
6 ins. They were then taken out one at a tune and a 
frame to correspond was cut from % in. white wood. 
Each frame was cut 3 ins. square at the top and increased 
in width at the keel, where they measure 1 inch. This 
was done to prevent sphtting. A hi ^ V 2 piece 
was then cut to fit on the keel. After the frames were in 
place and firmly fastened to the strips, the hull was taken 
off the block and turned over. Each frame was then 
made fast to the keel with Y 2 i^* head brass screvs. 

The stern of the craft is finished next. After remov- 



Fig. 310— Tile toished, vessel, ready tot laimchiiig 

won' firmly fa-Htoiu'd in placo with Hinnll nuik and 
they wore linishod with a Htnall hlook piano. 

^ work of piitfing on tho planking? wan atari 
this point. I’x'ainnin.a- from tlio first strip that was p 
tfio noxt strip ^^'as put on and fasti'iiod to tho ui 
strip ill which tho stern had hei'ii .s(‘t fh in- The ] 
wore worked forward and fasttmod to' tho frames 
two OO-i/j. in. flat head screws. Nearly 7(K) of 
screws were r(>(inircd in tho consi nicfioirof the hn 
The work went alonj? smoothly until the curve i 
frames was rt'ached and then a ^n-at (hml of tronhh 
expericiH'i'd as tlie strips had to he first tacked in 
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iny; the hhx'k which held tlui two frames in plac 
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with strips of in. woo(U which were h'ft protriu 
that tlu'v could he finished afterwards, ddu' 
worked each way from tin' centi'r, as I'ach piei'c' 
he cut W(‘dg-e shape to mak(' a .a-ood joinl. A fie 
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and tlieii bevelled off on the inner edge to make a good 
joint. As the strips were fastened on the nndersido of 
tiu' stc'rn fi'anio and worked forward, they had to he 
twisted at right angles as they reached the midship 
IVanu*. dhvo screws were put in each one, both in the 
upper and lower edge, to draw it to the frame. This 
proc(>dvire, liowevei-, split so many pieces that a box had 
to ty(‘ nuuhy to steam the pieces in before they were put 
in place. 

'rtie ports were then laid out and in. holes bored 
tx'twec'ii two stiaps to receive them. The ports were 
made, ol* i/> in. brass window stop Avashers with the bot- 
tom (ib'd off. As these pieces have a flange on the face, 
they make a very suitable article for this purpose. A 
pie('e of celluloid fitted in each gave the appearance of 
glass. 

ddie gunwale ot the boat was made by screwing two 
|)i(M‘(vs of i/b in. X % in. strip between each frame. After 
Ibis, a, third strip 'jhi in. wide of the same thickness was 
fasiened along flush with the bottom edge of this to form 
a. support I'or the d<‘ck. This is shown in the sketch 
mark(!d fig. Ml 5. This drawdirg also shows the Avay in 
whicli the (h'ck beams Avore placed and fastened to the 
I'ranuys. The deck is in sections, being the full Avidth 
of the hull and e.xtending lengtliAvise to the center of each 
d<>('k beam. The deck sections are in. thick Avith 
strifys glued and screwed across the grain on the under- 
side to prcivent siditting and Avarping. The bottom rail 
wlrich supports tlie hand rail is made of 14 in. square 
lyrass in <yno piece. This Avas bent to fit the line of the 
hull and drilled every tAvo inches Avith a Vs to 

ryyceive the upriglits, Avhich are Ys in. brass rod, 1V± iiis. 
long Avith a in. hole drilled through V^ in. from the 
top to accommodate the wire which forms the middle 
rail. The aAvning supports were cut 3V4 in- long, 13 
being needed. The awning is made of very fine muslin 
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and is fastened to a %6 in. brass wire which is soldered 
in place on top of each post. The top rail of the railing 
is % in. brass rod soldered to the nprights. 

The funnels are sheet brass, oval in shape. They 
measure ins. x 1% ins. and reach a height of 6i/^ ins. 
The brass is bent so as to cause the edges to meet and 
then soldered from the inside, which forms an invisible 
seam. They were then soldered on to the brass cover 
which fits over the hole in the deck. This cover is held 
in place by in. brass strips which are shown in sketch 
Fig. 313. This sketch also depicts the cover, funnel, steam 
pipe and the pipe of the whistle. The cover is 1 in. deep 
X 4 ins. X 5 ins. with an oval hole in the top for the funnel. 

The aft companionway is of % in. wood fastened to- 
gether with small brads. The sliding cover is cut in one 
piece. The under side is cut away, leaving a narrow 
strip on each side to hold it in place. The doors are 
finished with tiny hinges made from very thin brass 
held in place by brads. The skylight between the funnels 
is covered with celluloid. 

The ventilators present quite a problem, but this can 
be very easily overcome by making a copper tube % in. 
in diameter and drawing the funnel end out to the right 
shape with a very small faced hammer. A %6 in. collar 
was then soldered around the tube at the base of the 
funnel which held it in place on top of a thin piece of 
% in. pipe, fastening in the deck as shown in the drawing. 

The gangway is of brass 1% in. wide with two plat- 
forms Ys in. thick. The sides of the steps are Yin in. 
thick. The steps are made of very thin sheet brass sol- 
dered to the sides, which are hinged to the upper and 
lower platforms. The upper platform is fastened to 
the lower deck rail with two brass pins fitted in holes 
drilled in the railing and platform so that the gangway 
may be taken off. 

The cabin is constructed next, and this is built up of 
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narrow strips of oak. The uprights and cross pieces 
form the window frames and are cut from % in. stock. 
The filling for the panelling was made from wood ob- 
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tained from berry baskets. All the pieces going into 
the construction of the curved front had to be thoroughly 
steamed before being fastened in place. The doors are 
one piece panelled with a knife and a deep groove sawed 



Fig. 315 



Constructional details of the boat 


in the top and bottom into which fits the track they slide 
upon. The windows consist of single strip of celluloid 
running around the inside of the cabin. 

The bridge is constructed of sheet brass and % in. 
rod of the same material. A careful examination of the 
drawing will reveal the constructional features of this 
part and no further description is necessary. 

The wheel was . made from a brass ring 1% ins. in 
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diameter and drilled for the spokes. These were firmly 
soldered to the gear which is connected to % in. rod 
running through the floor to the bridge into the hull, 
where it is connected to the rudder with firm picture 
wire. There are two running lights on the roof of the 
cabin and one inside. The current for these is supplied 
by two dry batteries and controlled by a small knife 
switch at the left of the wheel. 

The capstan was made from a piece of brass rod 
% in. in diameter. As no lathe was available it was filed 
roughly to shape and a % in. hole drilled in one end in 
which was sweated a % in. piece of % in. rod. 

The hull is painted with a dark green under body. 
The foundation for this is prepared by applying several 
coats of white lead and turpentine, each coat being rubbed 
down until a smooth surface is obtained. 

The motive power is a % in. x % in. single acting 
engine driven by a flash boiler. Flash team, however, is 
very inconvenient to handle in a boat of this nature, 
owing to the many adjustments that are necessary for 
the power j)lant. It offers a grave possibility of fire 
when the boat is in the center of the lake. 

Although the speed of a flash power plant cannot be 
duplicated with an electric motor, it nevertheless offers 
some security for the safety of the model and the effect 
produced will be just as ^satisfactory. 

A small electric motor used in connection with two 
light storage battery cells will be sufficient to propel the 
craft at a reasonable speed and a small switch can be 
included with the deck fittings by means of which the 
power call be controlled. 

To produce a realistic effect with electric propulsion 
it is only necessary to provide a couple of smudge boxes 
placed in the base of the funnels. Oily waste or some 
similar material that will have a tendency to burn slowly 
with much smoke can be used. 
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A 34-INGH SPREAD MONOPLANE MODEL 

ITuselage — Tail skid and motor stick — Propelled shaft and motor hook 
— Turtle deck formers — Motors — Main planes — Stabilizer — Pudder 
and elevators covering and doping — Assembling and hying. 

Before attempting to construct this model, study the 
drawings carefully. This machine should not weigh 
over six ounces when completed if care is taken in the 



Fig. 318— EoDert Jares, a’ Clucago model eathusiasl^ Has Duilt a model 
Idplane flier that ■will fly 130 feet in 20 seconds 

construction. This model has proven to be a fast and 
stable flyer and will withstand rough usage. Before 
taking up the construction of this model it is ad^sable 
for the reader to obtain the following : A small dril 
holder, one or more No. 61 drills, a sharp knife, a small 
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hammer, a package of small nails long known as 
brads and a medium size can of Le Page’s glue. 

FUSELAGE 

The Fuselage is built up of % square spruce. Obtain 
a board large enough to enable you to lay out full size 
the outline of the fuselage, stablizers, elevators and rud- 
der. Care must be taken so as to make the curves exact. 
Now place along the lines of the layout headless nails. 



Fig. 319 — This flying monoplane model has speed and graceful lines 


any size will do to hold the material in place while it is 
drying. Boil the longerons of the fuselage and the strips 
that form the edges of the stablizers, elevators and rud- 
der in water at least half an hour. Then place the moist 
strips in the molding frame and allow to dry at least 
twenty-four hours. In the meantime the fuselage struts 
may be cut to size shown on the drawing. After the 
longerons are thoroughly dry mark off the positions for 
the fuselage struts. Using the No. 61 drill, bore holes 
in the longerons of the fuselage at the points where the 
struts are to be placed. Place a little glue on each end 
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of the struts and by using the small hammer and nails 
■fasten them in position to the longerons members. Care 
should 1)0 taken so as to avoid splitting the wood. 

The radiator is of kie" spruce shaped as shown in 
tlie drawing and is fastened to the fuselage with nails 
and glue. Tlie landing gear is of reed bent to the 
shape, sliowii by passing over a gas or candle flame. It 
is th(*n bound to the fuselage with thread and glued. 



rig. 320 view of monoplane model that weighs less than six ounces 


The axle is a piece of Vs" steel rod cut to the length 
shown and bound with thread to the landing gear and 
glued. Aluminum disc wheels 2" in diameter are u^ed. 

TAIL SKID AKD MOTOR STICK 

The tail skid is of Ys" square spruce cut to the size 
shown and fastened to the fuselage. The motor stick is 
of spruce square. This is fastened in the fuselage 
at two points only, that is, it is bound with thread and 
glued to the first and second fuselage struts. Before 
placing same in the fuselage attach propeller hanger, 
motor hook and propeller shaft as shown in the drawing. 
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PROPELLEK SHAFT AND MOTOR HOOK 

The propeller is made of poplar or white pine, 12" in 
diameter and is medinm pitch. If the builder is not 
experienced in carving propellers it is best to purchase 
same from a model supply house as this is the most diffi- 
cult part of the model to make. The propeller is attached 
to a Via" plain bearing propeller shaft as ball bearing 



FRONT VIEW 
Fig. 322 


shafts do not always give satisfaction, especially if not 
properly installed. The propeller hanger is made from 
aluminum Vie" thick and is bent to the form shown in 
drawing. The motor hook is bent from a %6" steel rod 
to the shape shown. 

TURTLE DECK FORMERS 

Make the turtle deck formers to the size indicated 
and fasten in place to the fuselage in the position shown, 
by glueing, and drill a hole with No. 61 drill, place a 
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small lirail in it For cxii-a strength. These formers are 
cut rroni 1 Hi" spruce. 

MOTOllS 

Se\'euf(‘(Mi feet of i/s" Jlat rubber is required for the 
motive power. 'Phis sliould be looped into 14 even 
strands. I Mace one end in the propeller hook and the 
otlnn- in the motor Iiook, Ixd'ore the fuselage is covered 
with the pap(>r. 

MAIN :i>nANn.s 

M’he ribs ari' cut I'rom spruce %«" thick. The rib 
shouhl be laid out full size, as it is reduced in the draw- 
ing. t'are inusl lx* taken when cutting these ribs out to 
h(‘ sure and have llunu all the e.vact size and all holes for 
ilie wing beams, which are dowels, must be in line. 
As thm'i' are a numbm- of ribs to be made, a metal pattern 
or tmnplati' may be cut and drilled to act as a ,jig to 
insui’t' unirormity in ribs. After the ribs are placed on 
the wing beams and ant iiroperly spaced according to the 
drawing they are glued and allowed to dry. After the 
glue is dry tin* etlges, which are reed, are put on. 
This is done by tying t.he reed back over the wing beams 
witii strong thri'ad and glueing the reed to the ribs. The 
wing tijis ai'e bent to the shape shown by bending only 
afl-er heating by passing them over a gas or candle flame, 
(lari' shouhl be taken so as to make all the tips the same 
shape. One mighth in. aluminum tubing is used for the 
wing beam sockets so as to permit the builder to dismantle 
the mode! I'usily. If unable to obtain aluminum tubing, 
brass or «'op[M‘r may lie iisc-d. Two pieces of the tubing 
are re(|uin'd, cut to tin* h'ligth and attached to the fuse- 
lage at tb(> points shown by the wing spars on the side 
view by binding and glueing. 

STABlUIZUnS, KURVATOnS AND EXJDDEB 

MMu' stabilizers, ehwators and rudder are made of 
reed for tlu' edging and 


square spruce for t he filling 


uTf r. 
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in pieces. The elevators can be made in one piece with 
the stabilizer if desired as they are not movable after 
they are attached to the fuselage. 

COVEEING AND DOPING 

Bamboo paper is used for covering the main planes, 
fuselage and controls. Cover the bottom first and allow 
to dry. After it is dry the extending edges may be 
trimmed off close to the reed edges. Then cover the top 
side. Care must be taken to have the paper lay even and 
without wrinkles. Both sides of the elevators, stabilizers 
and rudder are covered in this manner. After the cover- 
ing is completed and the glue is perfectly dry, the dope 
is applied. This is best applied with a soft brush as a 
stiff brush is liable to puncture the paper covering. This 
dope can be purchased from any model supply house. 
Four ounces are required to dope the covering properly. 
Apply the dope evenly — then place away to dry. 

ASSEMBLING AND FLYING 

After the covering is thoroughly dry, the model may 
be assembled. If the elevator and stabilizers are made 
separately they may be joined together by drilling holes 
through the edges of same with a No. 61 drill and then 
joining them with fine wire. The rudder is attached to 
the rudder post in the same way. The extending ends 
of the wing beams are inserted in the aluminum sleeves 
forming part of the fuselage. The propeller is placed 
on the shaft so that the entering edge cuts the air first. 

After the model is completed and assembled choose 
a field free from trees. Wind the propeller about 75 
turns, grasp the model at a point in the middle of the 
fuselage holding the propeller from turning with the left 
hand. Launch gently forward from you in a level line at 
the same time releasing the propeller. Do not attempt 
to fly this model in a strong wind as the wind is liable to 
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force it to the ground and it may be broken. To fly this 
model from the ground choose a hard and level surface. 
Wind the propeller 175 times, then place model on the 
ground and it will rise and make a graceful flight, but not 
as long a flight as when hand launched. 
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A MODIOb lOhKCTIfK! LAUNCMI 
( ^ ) n H f. r lu* i. i 0 1 1 I r t h -- 1 i i li h ! i i n 

'Tile small inocU'l shown in tin' a('(‘onipiuiyinf^ ilhisi 
lion j)()ss(‘ss(‘H no roniarkablo sp(‘(>(!, hut, it has In'initi 
lim^s and inak(‘S a. V(‘ry ni('(‘ modol for display purpos 
'The l(‘n,i>1li of tin* hoai oV(‘r all is 2 H. 4 inclu's a 
it. has a drau.n'ht. of I iin-h. Its hroadlh is 4 imdn'S niu 



rig. 32r) — A photograph of tho finished model resting on a cradle w 
especially to hold it 

has a d{‘|)t,h (d’ d'/i incln^s. Tin* lower pari of tln^ h 
is out l.'roin two solid hoards of yellow pint' and these t 
giiKMl to,ii-ether and hollowed out, ns sliown in the sket 
of the eross-seetion. The outside of the boat is earv 
into sluiiie witli a draw knile, and after tlie proper sha 
is obtained th(‘.lmll is linisliod with sandpaper of vario 
g'rits, startiiiff with a eoai’se grit pajier and (‘Tiding witl 
lino grit paiier. The hull can then he given a single ec 
of filler and set away to dry while tho turtle deck 
being made. 

Tlni turtle de<d< ean lie hewn from a pitu' lioard or 
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niny be made up from tliiii strips steamed and bent into 
ili(^ [iroper shape. A small batch-way is made on the 
(l(‘ck, and this lias two doors that can be opened to exam- 
ine and l•('])air tlie driving motor and batteries. The top 
is tin'll (inislied in the same manner as the hull. The deck 
Id tings are few and simple. Two lights are mounted on 
eac'li side in the front and one in the middle. A small 



Fig. 326 — Above — Cross section of the finished model showing arrange- 
ment of mechanism. Below — Top view of the boat 


light is also mounted on the stern. These can be small 
electric, lights sn])plied with current from the Imtteries 
that drive the motor, or they can be dummy lights carved 
out of wood. A small ventilating funnel is mounted on 
the fi’ont directly between the two lights. This can be 
I'ashioned from wood or bent iiito shape from two pieces 
of tin and soldered. The craft is provided with several 
(lag slicks, as will he seen from the photogra])!!. The 
<‘,ocki)it is made as shallow as possilile to provide room in 
the interior of the hull. Small chairs are made of wood 
and glued in [ilace in the cockpit. 

The rudder is made from a piece of sheet brass and is 
soldei-ed in place in a small brass rod that has been split 
with a hack saw to receive it. The propeller is anade of 
sheet brass, a.n<l the blades are hold in place ’witli solder. 
The proiiellei- is fastened to the end of a small i/^-inch 
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brass rod, which is sufficiently large for the small power 
of the driving motor. The propeller passes through a 
small brass tube which is placed in the hull and provided 
with packed bearings to prevent leakage. The motor is 
a small, light affair driven with current supplied from a 
battery of flashlight cells. The cells are connected in 
series with a small switch and the motor. The switch is 
arranged directly under the hatchway doors or cover. 
In arranging the driving equipment of the craft it will 
be necessary to maintain its balance. If it does not bal- 
ance properly when placed in the water, it can be counter- 
balanced by means of small pieces of lead. 

’\¥hen the filler is completely dried, the hull and deck 
of the boat are again sandpapered and then stained the 
desired color. After this the complete boat is varnished 
with some waterproof preparation. 



CHAPTER XXXVI 

STORAGE BATTERIES FOR MODEL BOATS 
Small storage batteries — Construetion plates, etc. 

Electric drive is ideal for small boats that are not 
intended for speed. The experimenter will find it quite 
difficult to purchase storage batteries small enough to 
be used on such boats, and the use of dry cells is both 



Fig. 327 — How the plates of the storage battery are made and 
assembled 

expensive and impractical because of the extreme weight 
and comparatively low power delivered. 

A battery of small secondary cells can be easily con- 
structed using ordinary tin tobacco tins as the containers. 
The tin is rendered impervious to the action of the elec- 
trolyte by covering the interior of the tin with a thick 
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(‘oat of iar or pilch wliicli can he melted and ran in. 
tins <'an he ohiained very (‘asily and will afford a \ 
uniroimi appearaiu'o. 

'Pile [ilates, two m‘,i^ative and one positiviy ar(> cut f 
sh(‘<‘t lead and di'ilii'd fidl id' small holes as illustra 
'riiese hoh's ai'(' lilhsl full (d' a mixlurt' (‘onsistin.ij,' of 
l(‘ad and sulphurie acid mixed to.a’elher in tin' form o 
paste wiih enou,!;'h eoiisisteiiey to remain in place w 
put in the hoh'S. 'Phe sulphurii- acid is not. used in 
coneeni raleil condition, hut is first diluted with om* p 
of watmx Aftm- the' |)la,t(‘S are dry, they are moan 
togadher after pla.cin,<i; separators hetween them, 'i 
separators an* mad(‘ from very thin woo<l soak<‘(l 
paraftin. 'Plu' completi' unit is then placi'd in the c. 
taini'r and a pirns' of wood (which has hi'i'ii treated w 
jiaraflin) is cut to lit> tin' top of the tin hox. 'I'he h 
from the plates pro.ji'C't throu.i 4 ‘h the toji and small hii 
in, in’ posts an' fitU'd to them. Afli'r the woodc'ii (‘ovi'r 
arran.n'i'd in place, Ind tar or pitch is poured ovi'r it a 
this operat ion seals the top of tiu' (’cll. Itcfore doin^ tl 
a. small piece of ^'lass tuhing- is put in jihu-e hy nu'ans 
a. hoh' in the wood (-ovi'r. 'Phis tiihe projects above t 
tar in tlu' cover and acts as a vi'id for the ('Scape of 1 
^?a,s('s ,m'm'i'ated within the cell. 
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CONHTIUKrnON OF MODEL MAEiNE PROPELLEES 
( Jo nHtruction — Model complete 

To ilu^ ciX])ca‘imcntal ongiueer wiio spends all his 
leisure inonK'iits hi Ids little shop watching a model de- 
stroym-, suliinarine or speed boat grow up under his 
hands, the jii-oblein of making the propeller eventually 
comes. It came to me in making a wireless controlled 
model destroyer, and after wondering a considerable time 
about, the nia(.ter, I finally found a rather simple way 
out of it. 

Idle dimensions will be left to the builder as he knows 
best wliat he wants. The method is the big problem and 
the object of this article. 

The hub is tlie first part to consider. It can be turned 
out easily I'roni brass rod of the diameter wanted. No 
definite curve need be followed in shaping this, though 
it should have a good streamline form so that it will 
cause no efficiency-destroying eddies that absorb valuable 
power-. 

Referi-ing to Fig. 328, it will be noticed that the great- 
est diameter is about one-third of the distance from the 
flat end or liearing surface. The hole for the shaft is 
bored in about two-thirds of the length, then a small hole 
is bored at right angles to the shaft hole and tapped for 
a set screw. 

The blades will be taken up next. Sheet brass is the 
material used for these, cut similar to the sliape shown 
in Fig. 329. In order to be efficient, the blades must be 
curved and when assembled the blade should be as near a 
true screw as possible. That is, in revolving, a point 
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near the middle of the blade travels through a smaller 
circumference than a point near the end of the blade. 
Therefore, the middle of the blade must be set at a lesser 
angle with the line of advance than the end of the blade 
so that the two points can travel the same distance in 



one revolution of the propellor. This is clearly illus- 
trated in Fig. 330. 

^ In order to have the curve in all the blades exactly 
alike, they should be bent in a simple form carved in a 
block of soft wood similar to Fig. 331. The position of 
the blade is shown by the dotted line. 

When this has been done the parts are ready to be 
assembled. This operation is one that requires accurate 
work and a imstake may be easily made, so it is best to 
plan each step fully before attempting to carry it out. 
The blades are set in saw cuts in the hub and soldered. 
The angle of the cuts determines the pitch. To lay out 
the slots, as many equi-distant points are made around 
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the largest circumference of the hnb as there are blades 
in the finished propeller. These points mark the places 
where the saw cuts are to be made. Of course, all the 
cuts must be at the same angle and depth, most easily 
accomplished with an improvised mitre box. This can 
be made from the two pieces of wood fitted with shallow 


holes corresponding with the pointed and bearing ends 
of the hub as illustrated in A and B, respectively, Fig. 
332 . 

Place this arrangement in the vise with a block at the 
bottom to keep the two pieces parallel and then turn the 
hub until one of the points marking the position of g 
blade is in line with the saw cuts. Then tighten the vis< 
so that the hub cannot move and vdth a hacksaw cut to a 
depth of about one-eighth of an inch in the hub. Loosen 


Fig. 333 — completed marine propeller 


410 


Model EiiijiiiceriiH/ 


(lu; vise* juui turn tlie huh ho that the lU'xt point is in lin 
witli the saw enis aaul proc'oed as herore. 

Th(‘ saw eats slionld he a^ little wid(‘r than ilii' thiet 
iu‘ss ol' the nia.teria,i used Tor liie hlad(‘S so (hat (Ik* slif^'l: 
eurv(‘ at l.lic! I»as(> ol' th<‘ hlad(' will hold it in tin* saw (Ui 
uid-il ii. ('an Ix' stx'iii’ely soldeiaxl. 

In sohh'rin.i’’ (lie hl.'uh's in [)la('(‘, do not he afraid o 
|)uttin,i>' on (,oo iniK'h sold(>r, as it is to he (ihxl dow 
sniool.h la.(.('r and (In' propcdler halaiieed in (his niannei 
Wlxni su('h propellers ari' math? for hi,i!,ii spe(‘d hoal 
it is advisable to silvttr soldi'r (he lilatles on to (lit* hul 
in orthir to prttvt'tit tluun from h(‘('oniin,n' loosi' and fall 
in.s'’ ou(.. Thtire is a j^nnit strain on the Idades when re 
volving’ in water. 
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MAKING A MOIJEL RAILROAD TRACK 
Construction, etc. 

The rail illusiratod is made by casting antimonial 
load or otlior similar alloy in a mould made of red fibre. 
Vbe mould is produced in a shaper with a formed cutting 
tool, or, failing a shaper, it could no doubt be satisfac- 
torily made l)y using a revolving cutter in a lathe. The 
most diriicidt j>art of the whole operation is the tool, 
which is shown at ililb and 33G in the drawing. This tool 
was made by grinding a piece of %-inch high speed steel 
as shown. The outline of the edge of the tool has the 
(^xact ontline of the left half of a cross section of the fin- 
ished track. 

The mould is made of two pieces of half-inch sheet 
fibre, lO-inch long, trued accurately in the shaper or 
otlier-wise, after which the groove corresponding to half 
of the ti'ack is cut. The feed should be fairly slow to 
avoid tearing the fibre, and the tool should be fed into 
the work until a depth is arrived at which will give at 
least a one-sixteenth inch web to the track when the two 
halves of the mould are in position for pouring. If the 
web is made too thin, difficulty will be experienced in ob- 
taining good casts. The last few cuts should be very 
light, so as to produce a smooth surface. Any imper- 
fections in the tool or in the mould will be reproduced in 
the track, of course, and any roughness in the mould, 
liesides delivering a rough track, will give much trouble 
in getting the cast track out of the mould. 

Th(! dimensions shown are approximately on a scale 
of one-inch to a foot, and are sufficiently true for model 
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work. The extra thickness of the web is not noticed in 
the finished track. 

In casting the track, the halves of the mould are held 
together with a small clamp, and the bottom open and 
stood upon a flat piece of cold iron. When the melted 
metal is poured in the top it goes throirgh and hits the 


foleo 

i 


iron bottom and freezes at this point instantly. I have 
found this plan, though somewhat crude, to be much 
superior to more artistic schemes in point of convenience 
and speed in knocking the mould apart and re-setting. 

The dimensions given in Fig. 334 can be enlarged 
somewhat, especially if a large number of rails are to be 
made, as the heat warps the fibre. If the alloy used has 
a comparatively high melting point, or if much pouring 
is done, the fibre should be thick-walled; the thicker the 
better. 

Some practice will be required in getting the right 
temperature of the melted alloy for the best results. Too 
much heat burns the paper and ruins the track with the 
gases produced, and, if the metal is too cold, it will freeze 
without filling the mould. 
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The end of the mould at which the pouring is done 
should be cupped out somewhat with a countersink to 
facilitate pouring. In grinding the formed tool, a moder- 
ately fine wheel should be used, so as to produce a good 
sharp edge. Rough-edged tools cannot be used for cut- 
ting fibre, but if the tool is sharpened right the result will 
be as clean and smooth as if cut in brass. Slight side 
clearance should be given to the tool all over. It will be 
noticed that the tool is made so that the top and bottom 
of the track are not flat, but slope slightly from the centre. 
It is practicable to make this slope so faint as to be al- 
most negligible. However, some degree of slope is nec- 
essary in order to get the track from the mould, and if a 
perfectly smooth and straight top and bottom are wanted, 
it will be necessary to file the track afterward. 

An attempt to make the mould of brass failed, as the 
cold mould chilled the alloy instantly, preventing its flow- 
ing and heating the mould to a point where pouring might 
be feasible renders it difficult to operate by hand. 

Substitutes for most of these details can be devised, 
with a little ingenuity, to enable those who must work 
entirely with hand tools to produce the same results. 
Thus, hard wood could be used instead of fibre, the formed 
tool could be made out of thin file steel and used in a 
rabbet plane. 

Using antimonial lead and making track of the dimen- 
sions shown, one pound of alloy used will make about 
four feet of rail. The nature of the alloy used will de- 
pend much upon the kind of traffic it is expected to with- 
stand,. but moderately hard antimonial lead will stand up 
well under all ordinary conditions, and the track pro- 
duced by the above method is very pretty to look upon, 
and unusually easy to lay, as curves are easily made by 
simply bending the track by hand. 



CHAPTER XXXIX 


A MODEL PASSENGER CAE 
Body — V estibii] e — Si des — Details 

The method of constructing the body of the 
very simple and but few tools are needed. To begin av* ^ 
full size drawings should be made of whatever pax'T ly*' 
lar car is to be modeled. This simplifies constractK 
greatly. As seen by the cross section drawing, five 
of wood are all that are needed. The floor is made o C t 

inch pine or Avhitewood. This is made the full size oX* X 1 » <■ 
car but alloAvance should be made for whatever thielc^K’’^^-'^ 
of bristol board is being used for the sides. The roo 1 * • 
made of two pieces, each piece being first shaped n'p Xo 
the required form and then glued together. Along* X 1 1* ‘ 
bottom sides of the roof, and allowing for the thiclcixc'J-^-'^ 
of the sides of the car, is fastened a piece of 
square wood the entire length. Against these two stx*ii».i^ 
ers, the sides of the car Avill bo fastened. 

The vestibule ends are made of thin sheet brass anti 
after the windoAvs are cut in (and the door if desiT*o<I ) 
these ends can be screwed with small Avood screAA^s to XI jo 
floor and roof. The end pieces, being of metal, carry 1 1 
the AA^eight of the roof. 

The sides of the car are made of three-ply brisXol 
board which is about 1-32-inch thick. DraA\* the outliiit* 
of the sides and all the Avindows in pencil and then. oiif. 
them out A\uth a razor blade. Noav glue to the inside of 
the sides of the ear a strip of celluloid, such as used Po i* 
side curtains of automobiles. This forms the Avindoww. 

Before putting the sides of the ear in place, it woxxltl 
be AA^ell to paint them the color that the prototype is# 
painted. After this paint has dried, give the sides st 
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Drawing of tlie completed coach without the details under the "body 

Fig. 337 
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good coating of varnish, and don’t forget to varnish the 
inside of the roof and floor. 

The sides can be put into place. They are glued and 
nailed with very small brass escutcheon pins. These 
will look like rivet heads and the car will appear like an 
up-to-date steel coach. Drill all holes before putting in 
screws and nails to prevent spliting the wood. 

Details such as ventilators, battery box, air tank, toll 
box and couplings must be left to the builder. 

The truck frames w^ere cast from a metal pattern in 
brass and they are of the center screw equalizing type 
with white metal wheels which were imported from Eng- 
land. This makes a very easy and flexible truck which 
will travel a very rough track at a high rate of speed. 
These truck frames are true reproductions of the stand- 
ard Pennsylvania passenger car trucks and add wonder- 
fully to the appearance of the finished ear. 

In lettering and finishing the car, nothing is simpler 
than to get some paper letters with gummed backs and 
stick them in their places. These letters are made by 
the Tablet and Ticket Co., of New York City and carried 
in stock by large stationers. Letters can be procured in 
white, black and red but if the desired lettering is to be 
bold, all that is needed is the white letters which can be 
painted with gold paint, before sticking into place. The 
striping can be done with a ruling pen. Black lines can 
be made with drawing ink but for gold stripes, the writer 
has found thin yellow paint to give the best results. 
Paint the roof of the ear a dull black also the truck 
frames and wheels. The window sashes are painted on 
the celluloid windows with paint a shade or two lighter 
than the car itself. The steps and vestibule ends are bent 
up out of thin tin plate and nailed and soldered into 
place. There is nothing to stop the builder from turning 
up a piece of brass for a small dynamo and hang this 
from the bottom of the car just behind the truck. 
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A Model Passenger Car 

The writer desires to draw attention to the fact that 
the model described is not made exactly to scale. This 
model was made to roll on “0” track and if the exact 
scale drawing had been followed the resulting ear would 
have been considerably out of proportion. The depart- 
ures from the scale drawing is not great enough to seri- 
ously distort the outline of the car in relation to its 





Fig. 338^ — The prototype of the coach described 


prototype as a careful examination of the two photo- 
graphs will reveal. 

The serious model railroad engineer should take an 
occasional trip to the local yards with his pocket camera 
where he can snap pictures of various coaches for study 
purposes in connection with the construction of his model 
cars. Many of the large manufacturers of railway cars 
are willing to furnish serious model engineers with blue- 
prints of their coaches or literature which contains a 
scale drawing of the coach to be constructed. This is a 
wonderful help. 

If the model railroad engineer sets out to make sev- 
eral of these ears to add to his rolling stock, the writer 
advises him to make the parts for all of his cars at one 
time, in place of finishing one car and then starting upon 
another. This increases output and relieves the job of 
much of its monontony. The parts of all cars should be 
cut to shape first. 
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ALLOYS AND ALUMINUM 

METALS AND THEIR ALLOYS. By Chahles Vickbbs. 

'riilH work is intiniwoly practical, and is iiidisricnsablo to everyone interested in metals 
and their alloys. 'Phe owner, manager, metallurgist, chemist or the worker in the 
shop will Untl her(^ infonnatlon that heretofoi’c lias bi‘,cn so difUcult to obtain. It deals 
witfi nudalH from tludr origin to their iisofiil application, both individually and as parts 
of alloys, used where striuigth, ductility, toiiglmess, diirabiUty, lightness, color, hard- 
noHH, clK'aplH'SS, conductivity or Iicaring properties are demanded. The chapters 
on tlu^ (‘anting of copptu’, the making of manganese bronze, aluminum bronze, 
aluminum alloys, r(‘(l nrass, yellow brass, steam metals, bearing metals, babbitts, 
wbiti' nnUals, phosphor bronze, gun metals and nickel alloys are crowded with for- 
mulas. testrd aud trUni, together with the [ihysiirai proptTlies of the alloys and their 
casting |)eculia.riti('s. It is a tr«basiirc-lious(^ of information for the metal worker, 
a (‘onvtmicnt. n'fcrt'ncib for the trained Ubclinical man, and a source of inspiration for 
t,h(b (Migiiu'cr wiio must select alloys most suitabkb for liis work. 800 (6x9) pag®^ 
UO illustrations, Price $7.50 

METALLURGY OF ALUMINUM AND ALUMINUM ALLOYS. By Robert 
J. ANDEItHON. 

''I''lus volunu* is a. modern, aut.liorltative treatise on the metallurgy of aluminum and 
its lii.-iit alloys, and covers tlub subji'ct fully from the mining of the ores to the fab- 
ricaiitm and iipplicalions of tliib metal. While it has Ixien written especially with a 
vimv to bi'ing jirat'di’al, the more theoretical aspcicts of tlie sub.iect have not been 
iK'glibcU'd. 'Plub origin, occurreruJo and distribution of aluminum ores and methods 
of ininlng arcs takt^n up in an early cliaptor, whihb ilub production of alumnium itself 
‘ ‘ Dlyth! UKbthodH is also (lis(ni.s.sod. "Ph(‘. uses and applications of the 

oys are treated In d(bt,ail. Considiira,! 

leys for casting and working, and the 

prr'Ptu’lng the principal alloys are taken up. The Ixbst - ^ 

wltii (le.S(‘riptions of liie prUunpal typos of funuKies, auv given d(3tailed treatment. 
The founding ol' alumiimrn alloys, including casting losscbs and defects, is discussed 
(lulte fully, and tiu' information will be of great value to loimdrymen in the simc^sful 
production of castings. 9()() pages (0x9). 295 illustrations. I rice . . $10.00 


AUTOMOBILES 

raS AUTOMOBILIST'S POCKET COMPANION AND EXPENSE RECORD. 

t:iy VlCTYE W. PAGlij. 

ThiM book is not only valuable as a convenient cost record, but contains much in- . 
formation of value to motorists. InclucUbS a (mndenscbd digest of auto 
Htatei, a lubrication aclnxiule, hints for (rare of storage 

location of road troubles, anti-froozmg solutions, horse-power tables, driving hmt 
and many useful tables and rec.ii>es of intiT-cbsl. to all motonsl-s. 1 ockot size. 

i^UTOMOBILE WELDING WITH THE OXY-ACETYLENE FLAME. B; 

M. Keith Ditnuam. 

in 'i. si mole manner apparatus to be used, its care, and how to construe 
nS^afv siM p' (1 lpm!b!U-. iV occiods then to the actual welding of all automolnl 
mm by everyone. Gives principles never, to be foi 

gotten This hook is of utmost value, since the perplexing problems arising when 
ixmit are fully oxplaiuod and the proper methods to 
OTercjoma them Shown. 167 pages. Fully illustrated. luce $1. 

HINTS AND TIPS FOR AUTOMOBILISTS. By Victor W. Page. 

The liook Is id(ml for tins busy man or woman who wants to know 

.mwi hecimse of the economics possibU*- whim an automobile is intelligently 

‘ ^ exposition, of 

kxktlJm ‘ami rmnedy.of roadside troublibs apt to occur und(?r ordinary 
conditions. Price 
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AUTOMOBILE REPAIRING MADE EASY. By Victor W. Pag:b, M.E. 

A comprehensive, practical exposition of every phase of modern automobile repairing 
practice. Outlines every process incidental to motor car restoration. Gives plans for 
workshop construction, suggestions for equipment, power needed, machinery and tools 
necessary to carry on the business successfully. Tells how to overhaul and repair all 
parts of all automobiles. Everything is explained so simply that motorists and students 
can acquire a full working knowledge of automobile repairing. This work starts with 
the engine, then considers carburetion, ignition, cooling and lubrication systems. The 
clutch, change-speed gearing and transmission system are considered in detail. Contains 
instructions for repairing all types of axles, steering gears and other chassis parts. 
Many tables, short cuts in figuring and rules of practice are given for the mechanic. 
Explains fully valve and magneto timing, “tuning” engines, systematic location of 
trouble, repair of ball and roller bearings, shop kinks, first aid to injured and a multi- 
tude of subjects of interest to all in the garage and repair business. 

This hooh contains special instructions on electric starting, lighting and ignition systems, 

tire rennirinn nrtti r^n'tiilrUrin. n''!tnnpvni/.<t ni'flldrn.n hrnvA/n.n nud cnl/f/sW-M/i ^ •# 

Steel, 
pages, 

WHAT IS SAID OP THIS BOOK: 

“ ‘Automobile Repairing Made Easy’ is the best book on the subject I have ever seen 
and the only book I ever saw that is of any value in a garage. ’’—Fred Jeffrey Martins- 
burg, Neb. ’ 

“I thank you for ‘Automobile Repairing Made Easy.’ I do not think it could be 
excelled. — S. W. Gisnel, Director of Instruction, Y. M. C. A., Pliiladelphia Pa 


AUTOMOBILE STARTING, LIGHTING AND IGNITION SYSTEMS 
Victor W. Pag^, M.E. 


By 


This practical volume has been written with special reference to the requirements of the 
non-techmcal reader desiring easily understood, explanatory matter, relating to all 
types of automobile ignition, starting and lighting systems. It can be understood bv 
anyone, even without electrical knowledge, because elementary electrical principles are 
considered before any attempt is made to discuss features of the various systems. 
These basic principles are clearly stated and illustrated with simple diagrams All the 
leading sy sterns of starting, lighting and ignition have been described and illustrated with 
the co-operation of the experts employed by the manufacturers. Wiring diagrams are 
shown m both techmcal and non-technical forms. All symbols are fully explained It 
is a comprehensive review of modern starting and ignition system practice, mid includes 
a c^plete exposition of storage battery construction, care and repair. All types of 
st^mg motors, ^nerators, magnetos, and all ignition or lighting system units are 
fully explamed. The systems of cars already in use as well as those that are to come 
are considered. Every person in the automobile business needs this volume, 5Mx7^. 
Cloth. 892 pages, 563 illustrations, over 325 Wiring Diagrams. Price . $3.0() 

HOW TO RUN AN AUTOMOBILE. By Victor W. Pag]^. 

^ves concise mstructions for starting and running all makes of gasoline 
them, and gives distinctive features of control. De- 
scribe wery step for shiftmg gears, controlling engine, etc. Among the chapters 

Functions. II. General Starting 
5 VO Systems— Care of Automobiles. Thoroughly 

Illustrated. 178 pages. 72 illustrations. Price $1.00 

T T^RD CAR, ITS CONSTRUCTION, OPERATION ANI> 
FORDSON FARM TRACTOR, F. A. LIGHT- 
mo AND STARTING SYSTEM, FORD MOTOR TRUCK. By Victor 
W. Page. 

practical ^truction book ever published on the Ford 
^ Model T car and Fordson tractor 

fSuv ^ comprehensive manner. The construction is 

fhr principle nmde clear to everyone. Complete instructions 

Revised Edition matter has been 
Tractor Conversion Sets and Genuine Fordson Tractor. 

AU repair processes illustrated and fuUy explained. Written 
guesswork. New revised and enlarged Edition 
just pubhshed. 187 illustrations, 455 pages, 2 large folding plates. Price . $S .OO 



CATALOGUE OF GOOD, PRACTICAL BOOKS 


THE MODERN GASOLINE AUTOMOBILE—ITS DESIGN, CONSTRUC 
TION, OPERATION AND MAINTENANCE. By Victor W. Page, M.E. 
Just off the press — New 1928 Edition. This is the most complete automobile book 
ever issued. Covers every recent improvement in relation to the automobile. A 
complete illustrated description of the new Ford Model A Car is included. This is 
the most complete, practical and up-to-date treatise on automobiles and their com- 
ponent parts ever published. All phases of automobile construction, operation 
and maintenance are fully and completely described and in language anyone can 
understand. Every part of all types of automobiles from light cars to heavy motor 
trucks and road tractors is described in a thorough manner; not only the automobile 
but every item of its equipment, accessories, tools needed, supplies and spare parts 
necessary for its upkeep, are fully discussed. It fully considers the power plant and 
its auxiharies, also chassis and body construction in minute detail. All latest develop- 
ments, such as high speed motors, sleeve valve engines, straight eight engines, air 
cleaners, fuel filters, oil separators and rectifiers and munerous other developments 
are considered in detail. The latest ignition, carburetor and lubrication practice 
is outlined. New forms of change speed gears, and final power transmission systems, 
and all latest chassis improvements are shown and described, such as four-wheel 
brakes, air brake systems, balloon tires, hypoid gear drive, four-wheel drive, front- 
wheel drive, etc. 

The large demand for the previous editions of this book, this being the sixth time 
the book has been completely refused and entirely reset, makes it possible to treat 
in detail all the latest improvements, including the new Model A Ford car. 

This book has been the standard for many years, and is used in practically every auto- 
mobile school, college and university as a ’ textbook — and by the United States Army 
and Navy. 1000 new illustrations. 1150 (6x9) pages. Price .... $5.00 

WHAT IS SAID OP THIS BOOK: 

“It is the best book on the Automobile seen up to date.” — J. H. Pile, Associate Editor 
Automobile Trade J ournal. 

“Every Automobile Owner has use for a book of this character.” — The Tradesman. 
“This book is superior to any treatise heretofore published on the subject.” — The 
Inventive Age. 

THE MODERN MOTOR TRUCK, ITS DESIGN, CONSTRUCTION, OPERA- 
TION AND REPAIR. ’ By Victor W. Pag]b. 

Treats on all types of motor trucks and industrial tractors and trailers. It considers 
all types of trucks, gasoline and electric, and aU varieties of truck bodies. This book 
is written in language everyone can understand and is not in any sense . of the word 
a technical treatise. It is a practical volume that will make special appeal to the 
truck driver who seeks to better his position and to the mechanic charged with the 
repair and upkeep of trucks. The factory or business executive who wants to obtain 
a complete working knowledge of truck operation problems will find this book a refer- 
ence work of great value. The truck salesman or automobile dealer will find that 
this work contains information that means money to them. All garage and service 
station men should have a copy of this book for reference because timck construction 
differs from passenger car design in many important respects. Anyone |who reads 
tliis book is in touch with all the practical features that have been tested out in real 
service. Cloth (6x9) 962 pages, 750 illustrations. Price . . . . . . $4.00 

GASOLINE AND KEROSENE CARBURETORS, CONSTRUCTION, IN- 
STALLATION AND ADJUSTMENT. By Victor W. Page. 

This is a simple, comprehensive, and authoritative treatise for practical men ex- 
plaining all basic principles pertaining to carburetion, showing how liquid fuels are 
vaporized and turned into gas for operating all types of internal combustion engines in- 
tended to operate on vapors of gasoline, kerosene, benzol, and alcohol. All leading types 
of carburetors are described in detail, special attention being given to the forms devised 
to use the cheaper fuels such as kerosene. Carburetion troubles, fuel system troubles, 
carburetor repairs and installation, electric primers and economizers, hot spot mani- 
folds and all modern carburetor developments are considered in a thorough manner. 
Methods of adjusting all types of carburetors are fully discussed as well as sugges- 
tions for securing maximum fuel economy and obtaining highest engine power. 

This book is invaluable to repairmen, students, and motorists, as it mcludes the 
most complete exposition on kerosene carburetors ever published. The drawings 
showing carburetor construction are made from accurate engineering designs and 
show ail parts _of late types of carburetors. 213 pages. 89 illustrations. . $2.00 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


AUTOMOBILE, AVIATION AND MOTORCYCLE CHARTS 


AVIATION CHART— LOCATION OF AIRPLANE POWER PLANT TROUBLES 
MADE EASY. By Major Victor W. Page, A.S., S.C.U.S.R. 

A large chart outlining all parts of a typical airplane power plant, showing the points 
where trouble is apt to occur and suggesting remedies for the common defects. In- 
tended especially for aviators and aviation mechanics on school and field duty. 
This chart_,was published during the year 1917. Price ..... 30 cents 

AUTOMOBILE CHABTS 

GASOLINE ENGINE TROUBLES MADE EASY— A CHART SHOWING 
SECTIONAL VIEW OF GASOLINE ENGINE. Compiled by Victor W. 
Pag:e, M.E. 

It shows clearly all parts of a typical six-cylinder gasoline engine of the four-cycle 
t3npe. It outlines distinctly all parts liable to give trouble and also details the de- 
rangements apt to interfere with smooth engine operation. 

Valuable to students, motorists, mechanics, repairmen, garagemen, automobile sales- 
men, chauffeurs, motorboat owners, motor-truck and tractor drivers, aviators, motor- 
cyclists, and all others who have to do with gasoline power plants. 

It simplifies location of all engine troubles, and while it will prove invaluable to the 
novice, it can be used to advantage by the more expert. It should be on the walls of 
every public and private garage, automobile repair shop, clubhouse or school. It can 
be carried in the automobile or pocket with ease, and will insure against loss of time 
when engine trouble manifests itself. 

This sectional view of engine is a complete review of all motor troubles. It is prepared 
by a practical motorist for all who motor. More information for the money than ever 
before offered. No details omitted. Size 25x38 inches. Price ... 36 cents 

LOCATION OF CARBURETION TROUBLES MADE EASY. Compiled by 
Victor W. Page, M.E. 

This chart shows all parts of a typical pressure feed fuel supply system and gives 
causes of trouble, how to locate defects and means of remedying them. Size 24x38 
inches. Price 36 cents 

LOCATION OF FORD ENGINE TROUBLES MADE EASY. Compiled by 
Victor W. Page, M.E. 

This shows clear sectional views depicting all portions of the Ford power plant and 
auxiliary groups. It outlines clearly all parts of the engine, fuel supply system, igni- 
tion group and cooling system, that are apt to give trouble, detailing all derangements 
that are liable to make an engine lose power, start hard or work irregularly. This 
chart is valuable to students, owners, and drivers, as it simplifies location of all engine 
faults. Of great advantage as an instructor for the novice, it can be used equally well 
by the more expert as a work of reference and review. It can be carried in the tool- 
box or pocket with ease and will save its cost in labor eliminated the first time engine 
trouble manifests itself. Prepared with special reference to the average man’s needs 
and is a practical review of all motor troubles because it is based on the actual ex- 
perience of an automobile engineer-mechanic with the mechanism the chart describes. 
It enables the non-technical owner or operator of a Ford car to locate engine de- 
rangements by systematic search, guided by easily recognized symptoms instead of by 
guesswork. It makes the average owner independent of the roadside repair shop 
when touring. Must be seen to be appreciated. Size 25x38 inches. Printed on 
heavy bond paper. Price 36 cents 

LUBRICATION OF THE MOTOR CAR CHASSIS. Compiled by Victor W. 
Page, M.E. 

This chart presents the plan view of a typical six-cylinder chassis of standard design 
and all parts are clearly indicated that demand oil, also the frequency with which they 
must be lubricated and the kind of oil to use. A practical chart for all interested in 
motor-car maintenance. Size 24x38 inches. Price 36 cents 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


LOCATION OF lONITION SYSTEM TROUBLES MADE EASY. Compiled 

by \ H'T’i )it W. M.l'j. 

In ( Ins (iiawriMvi all parts of a (lyincal cloublo ignition system iisinff battery and magneto 
mirront. ari^ shown, a, nd snL*.fj;r.s(ioMs ar(i Kiveri for readily finding ignition troubles and 
<aiiuina,ting tinein wluni found. Si/.o 2*1x;{8 inches. Priise . . . . . 35 cents 

LOCATION OF STARTING AND LIGHTING SYSTEM FAULTS. Compiled 
!>v VtoToH, VV. Paoio, M.K. 

'Pin- ino :l. <-ompl('(e cha,rti yid. d(^vis( 1 d, showing all parts of the modern aut.omobilo 
i.tarl ing. lic.hting and ignildon systinns, giving instructions for systematic ioca,lion of 
all fanlo; in wiring., laniips, motor or generator, switches and all other units. Invahi- 
ahU^ to motorist, K, ehaulVeurs a, nd iH^pairmen. Size 24x38 inches. Price . 35 cents 

MOTORCYCLE TROUBLES MADE EASY. Compiled by VicToii W. PagiS, 

M.M, 

A chart, showing siMdaonal viinv of a singhMjylinder gasoline engine. This chart 
.simplilh^s io<‘a,tion of all pow<‘r-F)la.nt troidiles. .V single-cylinder motor is shown for 
simplicity. It out, lines distinctly all parts liable to give trouble and also details the 
(ha%’mg(muad,s apt, t,o int.('rler(‘ wit-h smooth engine operation. This chart will prove 
of valtn' t,(» all who liave to do with th(' operation, rej-iair or sale of motorcycles. No 
d(5t ailH omltteil. 8iz<^ .30.^20 inclu^s. Price 35 cents 


AVIATION 

« . . .I.,. — 


TWO NIOW AVIATION BOO.KS 


off the press. Give complete information on every phase of 
aeronautics. Learn to Fly by flying, but prepare yourself in the 
ground work by Home Study, for experience in the air. Valuable 
b€>oks for reference. They will start you right. 


MODERN AIRCRAFT, DESIGN-CONSTRUCTION-OPERATION AND RE- 
PAIR. By Major Vhtor Pagio. 

A book for all stauhads of Aircraft. Just oil’ the press. Tins book of 855 pages is the 
most complclt' W'ork <wer isstUHl on Aviation, it is written in simple language for 
tlu* Pracii<*a.l Mail. It, shows just how any airplane flies and is controlled, outlines 
and drs<*ril)rs all important jiaads of the plane aaid just what tliey do and how they arc 
nsiMl < 'overs t,he (•mumercial possibilities of aircraft types, outlines their sf^hcres 
oi’ usid'ulness and considers t,lu‘. (U)St of flying. The e(Hiipmont of airports, airways 
and landing lU'kls is touclied upon and a complete and easily understood explanation 
of ali braiK'lics of aciTxIvnamics as well as a (^onpilide glossary of terms used in aero- 
naut i«-s :ir<' iiK’Indcd. This booklet includes a. (k^scription of the Ryan NYP mono- 
i)ian<- down from New York to I’aris by (kiloiu'l (nuirles Lindbergh and the Wright- 
itellanca, monophuu'. Down by ('HariMice (ilia.mlu‘rlain from New York to BotIug It 
also desiTibes fully the Pokker tri-inotored monophuie usid by (.ommandor Byrd 
in his Polar a,n(l tra,ns-oc(^a,uie llights. Th<^ Wright air-cooled mpiov mid the navi- 
galJng Instrument, s t,hat made tlu'se Kiioelial Plights possibk^. are lully described. 
Adopt, (Ml as a,n Inst.nicJ.ion Book in fifty aviation schools and collegi^s. S55 page^ 
Over 400 engravings, Priite 3 > 5.00 


WHAT IS SAID OP THIS BOOK 

“Ah)iir m^w book, ^Modern Aircraff is a wonchr. Very complete aiul up-to-tiic-minute. 
niglilv inl,(M'csl,ing and a. valuable cont.ribut.ion to the hold of aviation. 1 feed that 
theanihor and puhlishm* both have doiu‘. fully 100 per ctmt. justice m this splendid 
book whi('h re.allv should be in the hands of every person mteresjed m the progress of 

Mo,i..rn Ainxar,.;- (Si^nocO Lawro Je 'Avo.'^ChiS“o•. III. 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


EVERYBODY’S AVUTION GUIDE. By Victor W. Pag^. 

A Popular Book at a Popular Price. This book, written in the form of a series of 
lessons or instructions, starts the reader at the beginning of the subject, outlines the 
elementary aerodynamical rules for the various forms of flying machines, describes 
typical conventional and imconventional forms of heavier-than-air and hghter-than-air 
craft, the functions of the various parts of an airplane, and covers briefly the various 
types of airplane power plants in both air and water-cooled forms. It outlines fully 
all types of land and sea Ajung machines, their control systems and the methods of 
flying. These are all fully illustrated. 

■WMle piloting an airplane can be learned only by actual practice, this book will give 
the reader the various steps in airplane control and will serve as a very valuable intro- 
duction to the entire subject of flying for the non-technical person who wishes to be 
able to fly an airplane just as he now operates an automobile for business or pleasure. 
247 pages, 140 illustrations, 600 questions and answers on aviation. Price. $2.00 


AVIATION BOOKS AT SPECIAL PRICES 


As very large editions of books below were printed when published, 
and in order to reduce our stock we are offering these books at reduced 
prices. 

Although these books were published a few years ago, they contain 
much information of value at the present time, and in order that those 
interested in aviation may avail themselves of these volumes we are 
now offering them at reduced prices to clear out the editions. 

The principles of operation described in these books apply just as well 
to the latest types of airplanes and airships and their engines which 
have changed only in minor details from the forms illustrated, and 
they are just as valuable to the reader today. The beginner or student 
will get much information at low cost from the following books, 

ABC OF AVIATION. By Major Victor W. Pag:^. 

This book describes the basic principles of aviation, tells how a balloon or dirigible 
is made and why it floats in the air. Describes how an airplane flies. It shows in 
detail the different parts of an airplane, what they are and what they do. Describes 
all types of airplanes and how they differ in construction; as well as detailing the 
advantages and disadvantages of different types of aircraft. It includes a complete 
dictionary of aviation terms and clear drawings of leading airplanes. The reader 
will find simple instructions for impacking, setting up, and rigging airplanes. A 
full description of airplane control principles is given and methods of flying are dis- 
cussed at length. 

This book answers every question one can ask about modem aircraft, their con- 
struction and operation. A self-educator on aviation without an equal. 274 pages- 
130 specially made illustrations with 7 plates.- Price $1.26 

AVIATION ENGINES— DESIGN; CONSTRUCTION; REPAIR. By Major 
Victor W. Pagie, A.S., S.C.U.S.R. 

This treatise, -written by a recognized authority on aU of the practical aspects of 
internal combustion engine construction, maintenance, and repair, fills the need as 
no other book does. The matter is logically arranged; all descriptive matter is 
simply expressed and copiously illustrated, so that anyone can understand airplane 
engine operation and repair even if -without pre-vious mechanical training. This 
work is invaluable for anyone desiring to become an aviator or a-viation mechanic. 
Rotary types, such as the Gnome Monosoupape, and LeRhone, are fully explained, as 
well as the Vee and radial types. The subjects of carburetion, ignition, coohng, and 
lubrication also are covered in a thorough manner. The chapters on repair and 
maintenance are distinctive and found in no other book on this subject. Not a 
technical book, but a practical, easily understood work of reference for all interested 
in aeronautical science. 5S9 pages. 253 illustrations. Price, net . . . $1.25 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


‘PLIED AERODYNAMICS. By G. P. Thompson. 

This is a scientific and mathematical tmntiQo -^hat has a special appeal to the student 
and engineer who are seeking exact ior! on the aerodynamics of heavier-than- 

air craft and data on airplane desigsi le.s'. i';::. In addition to a very full discussion 
of the quahties which determine tru- '>;»»■!■(■ orid rate of chmb of an aeroplane and 
the method by which they can be cj'.iiMliii special attention is paid to stability 
— a problem now fairly well tmderstood, and to controllability — our knowledge of 
wliicli is at present in a much more elementary state. Attention is directed to the 
numerous directions in which further information i.s required, especially in the form of 
full-scale experiments. 312 pages (/ x .10). JHust rated with over 142 Diagrams 
and Graphic Charts. Price $5.00 

.OSSARY OF AVIATION TERMS -ENGLISH-FRENCH; FRENCH- 
ENGLISH. By Major Victor W. Page, A.S., S.C.U.S.R., and Lieut. 
Paul Montariol, of the French Flying Corps. 

A complete glossary of practically all terms used in aviation, having lists in both 
French and English with equivalents in either language. Price, . . 50 cents 


BOAT BUILDING 

miATURE BOAT BUILDING. By Albert C. Leitch. 

Covering the construction of working models of racing sail and power boats by ama- 
teurs. A concise and complete treatise written in understandable language covering 
marine model making in general and the specific design and construction of numerous 
famous miniature racing sail and power boats. The boats illustrated and described 
have been developed from an engineering point of -view rather than from a toy angle. 
In this book the authors have illustrated and described step by step, the best model 
making practice, from the selection of the raw material to the completed boats. Com- 

g lete designs for steam power plants, including tubular boilers and blow torch for 
ring them. One, two and four cylinder engines are also fully described. 500 spe- 
cially prepared engravings. 242 pages. Price $3.00 


brazing and soldering 


LAZING AND SOLDERING. By James F. Hobart. 

The only book that shows you just how to handle any job of brazing or soldering that 
comes along: it teUs you what mixture to use, how to make a furnace if you need one. 
Full of valuable kinks. The fifth edition of this book has just been published, and to 
it much new matter and a large number of tested formuhe for all kinds of solders and 
fluxes have been added. Illustrated 35 cents 

)LDERING AND BRAZING. By Raymond Francis Yates. 

This treatise gives all the necessary “kinks” that will enable one to accomplish suc- 
cessful soldering. If a mechanic has not succeeded in his soldering, this book may 
tell him just what he needs to produce good work — sometliing that he may hereto'- 
fore have forgotten. Price 76 cents 


CHARTS 


>ILER ROOM CHART. By Geo. L. Fowler. 

A chart — size 14x28 inches — showing in isometric perspective the mechanisms be- 
longing in a modern boiler room. The various parts are shown broken or removed, 
so that the internal construction is fully illustrated. Each part is given a reference 
number, and these, with the corresponding name, are given in a glossary printed at 
the sides 35 cents 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


<iONDOLA CAR CHART. 

A chart showing the anatomy of a gondola car, havtog every part of the car numbered 
and its proper reference name given in a reference list 86 cents 

PASSENGER CAR CHART. 

A chart showing the anatomy of a passenger-car, having every part of the car numbered 
and its proper name given in a reference list. 86 cents 

STEEL HOPPER BOTTOM COAL CAR. 

A chart showing the anatomy of a steel Hopper Bottom Coal Oar, having every part 
of the car numbered and its proper name given in a reference list 86 cents 

TRACTIVE POWER CHART. 


A chart whereby you can find the tractive power or drawbar pull of any locomotive 
without maJiiing a figure. Shows what cylinders are equal, how driving wheels and 
steam pressure affect the power. What sized engine you need to exert a given drawbar 
pull or anything you desire in this line 60 cents 

HORSE-POWER CHART 

Shows the horse-power of any stationary engine without calculation. No matter what 
j the cylinder diameter of stroke, the steam pressure of cut-off, the revolutions, or 

whether condensing or non-condensing, it’s all there. Easy to use, accurate, and 
' saves time and calculations. Especially useful to engineers and designers. 60 cents 

i SUBMARINE CHART. 

! A cross-section view, showing clearly and distinctly all the interior of a Submarine of 

the latest type. You get more information from this chart, about the construction and 
operation of a Submarine, than in any other way. No details omitted — everything 
is accurate and to scale. All the machinery and devices fitted in a Submarine Boat 
f are sho^vn 86 cents 


CHEMISTRY 


HOW TO MAKE AND USE A SMALL CHEMICAL LABORATORY. By 

Raymond Feancis Yates. 

The treatise covers all of the essentials of elementary chemistry. The law of definite 
proportions, solutions, crystalloids, colloids, electrolysis, etc., are explained. The 
second part of the book is devoted to chemical and electro-chemical experiments. 
Only those experiments that will tend to broaden the reader’s knowledge of chemistry 
in general have been chosen. Price 75 cents 


CLOCK AND WATCHMAKING 


CLOCKMAKING: PAST AND PRESENT. By C. F. C. Gordon. 

With which is incorporated the more important portion of “Clocks, Watches, and 
Bells,” by the late Lord Grimthorpe, relating to Turret Clocks and Gravity Escape- 
ments. By G. F. C. Gordon, M.A., A.M.I.O.E., Superintendent of Workshops cf 
the Engineering Department of Cambridge University. A practical book of special 
interest to the Clockmaker, Repairer, Dealer and Collector, in which the author 
endeavors to cover topics which either have not been covered before, or which from 
his own experience require more attention than they have hitherto received. 240 
pages. Fully illustrated by Diagrams and plates of Long Case, Bracket and other 
Clocks, Dials, Hands, etc. Price $6,00 

CLOCK REPAIRING AND MAKING. By F. J. Garhard. 

Practical Watchmaker. Author of “Watch Repairing, Cleaning and Adjusting.” 
A practical handbook dealing with Tools, Materials, and Methods used in cleaning 
and repairing all kinds of English and Foreign Timepieces, Striking and Chimney 
Clocks, and the makmg of English Clocks. 168 pages. Fourth edition. Illustrated 
by 120 engravings. Price $8.00 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


ELECTRICAL HOROLOGY. Ey 11. R. L^^^man unci A 


Ball. 


tt/iAVl X V. JLJXVUJU. 

iiulnmuM icG l)rohH‘‘(rh-Vt"v^ application of the principles 

menl and I ruismissiini jj machines for tlie measure- 

clo('!! n erlK ^ ^ earliest elect, rically-driveii 


chM'U me<-l.a,nismr ISO Illustiratecr 

IHE WAICHMAKER’S HANDBOOK. Bv CLAumiis Raiinirr 


$3.00 



ri'ci ipls alone is a, nllne of iniorinal.ion' 
M I oil I log plates. Priia^ 


pani...„ 

Over 500 pages. 


- ... ,...a,pter on pracL^v,,. 
New and ri‘\'i.sed edition. 

$ 6.00 


WATCH REPAIRING AND MAKING. By F. J. Gakrakd. 

“Watch liepairing, Cleaning and Adjusting.” 
used S ws ^h/Av' or'“R *^'h‘‘’"‘aig <)f Watches Treats on the materials ii!nd tools 
nlers ( Jl^ai?lish and Foreign Watches, 

n I s rit lA V t’ ‘’oA^ ‘J Marine Chronometers. 214 pages. Seventh edition. 
I uusti at'( (I i>y ovcii 200 luigravings. Frico $3.00 


CONCRETE 


CONCRETE WORKERS^ REFERENCE BOOKS, A SERIES OF POPULAR 
HANDBOOKS FOR CONCRETE USERS. PreparcT^J A. A IWhton^ 

I'r '.mwuAo; has not onln treated on the usual types of construction, 

i iiii ! f n and systems that are not patented, but which are equal 

/•/ /./m!/!! .va/icnor to those restpeted by patents. Thepi molds arc mry easily and 

I !^I! J (niUody simplicit\i, rapidity of operation, and. the most successful 

nrJ^l thl! Atf/I o; i/R\se books is fully illustrated, and the subjects 

(ue i\rhaus(uu‘(y trvaU'd in plain hJnghsh. 


CONCRETE WALL FORMS. Uy A. A. Houghton. 

A new automatic wall clamp Is illustrated with working drawings. Other types of 
wall forniM. clamps, mniarators, etc;., arc also illustrated and explained. 

(No. 1 ol H<n'i(;s) . 75 cents 


CONCRETE FLOORS AND SIDEWALKS. By A. A. Houghton. 

d'he molds for molding stnuinvs, Inwigonal and many other styles of mosaic floor and 
sidewalk iilocUs are fully illustrated and explained. (No. 2 of Scries) . . 75 cents 


PRACTICAL CONCRETE SILO CONSTRUCTION. By A. A. Houghton. 

Complete working drawings and speeiflctitions are given for several stylos of concrete 
silos, wit h illust,ra, lions of molds for monolithic and block silos. The tables, data, and 
informa, tion presmit.ed in this book ar<i of the utmost value in planning and constructing 
all forms of concr<;t<i silos. (No. of Series) ......... .75 cents 


MOLDING CONCRETE CHIMNEYS, SLATE AND ROOF TILES. By A. A. 

Houghton. 

Idu; manufaettun; of all types of concrete slate and roof tile is fully treati^d. Valuable' 
<la,ta on all forms of n^lnforecHl concrete roofs are contained within its pages. The 
construction of (‘on<‘rete chimm‘ys by block and monolithic systems is fully illustrated 
and de.sm’lix'.d, A numher of ornamental designs of chimney constructioii with mold.<a 
ar<; shown In l.his valuabU^ treatlsi;. (No. 4 of Series.) 75 cents 


MOLDING AND CURING ORNAMENTAL CONCRETE. By A. A. Houghton. 

'rin; proixT proportions of cement and aggregates for various finishes, also the method 
of thoroughly mixing and jilacing in the molds, are full.y treated. An exhaustive 
tfreatisti on t.hls subjiict that every concrete worker will find of daily use and value 
(No. 5 of Heries.) .... 75 cents 
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CONCRETE MONUMENTS, MAUSOLEUMS AND BURIAL VAULTS. 

A, A. Houghton. 


By 


scriptions i 

MOLDING CONCRETE BATHTUBS, AQUARIUMS AND NATATORIUMS. 

By A. A. Houghton. 

Simple molds and instruction are given for molding many styles of .concrete J>fthUibs, 
swimming-pools, etc. These molds are e^ily built and permit rapid and successful 
work. (No. 7 of Series.) 

CONCRETE BRIDGES, CULVERTS AND SEWERS. By A. A. Houghton. 
A number of ornamental concrete bridges with iUustratiqns of molds are given. A 
collapsible center or core for bridges, culverts and sewers is fully illustrate<T with de- 
tailed instructions for building. (No. S of Series.) v5 cents 


CONSTRUCTING CONCRETE PORCHES. By A. A. Houghton. 


A number of designs with working drawings of molds are fully explained so anyone 
can easily construct different styles of ornamental concrete porches without the pur- 
chase of expensive molds. (No. 9 of Series.) v5 cents 


MOLDING CONCRETE FOUNTAINS AND LAWN ORNAMENTS. By A. 

A. Houghton. 

The molding of a number of designs of lawn seats, curbing, hitching posts, pergolas, sun 
dials and other forms of ornamental concrete for the ornamentation of lawns and gar- 
dens, is fully illustrated and described. (No. 11 of Series) 76 cents 

CONCRETE FOR THE FARM AND IN THE SHOP. By IT. Colin 
Campbell, C.E., E.M. 

A new book illustrating and describing in plain, simple language many of the 
numerous applications of concrete within.the range of the home worker. Among the 
subjects treated are: 

Principles of reinforcing; methods of protecting concrete so as to insure proper harden- 
ing; home-made mixers; mixing by hand and machine; form construction, described 
and illustrated by drawings and photographs; construction of concrete walls aud 
fences; concrete fence posts; concrete gate posts; corner posts; clothes line posts; 
grape arbor posts; tanks; troughs; cisterns; hog wallows; feeding floors and barn- 
yard pavements; foundations; well curbs and platforms; indoor floors ; sidewalks ; steps; 
concrete hotbeds and cold frames; concrete slab roofs; walls for buildings; repairing 
leaks in tanks and cisterns, etc., etc. A number of convenient and practical tables 
for estimating quantities, and some practical examples, are also given. (5 x 7). 
149 pages, 51 illustrations. Price $1.00 


CONCRETE FROM SAND MOLDS. By A , A. Houghton. 

A Practical Work treating on a process which has heretofore been held as a trade secret 
by the few who possessed it, and which will successfully mold every and any class of 
ornamental concrete work. The process of molding concrete with sand molds is of 
the utmost practical value, possessing the manifold advantages of a low cost of molds, 
the ease and rapidity of operation, perfect details to all ornamental designs, density 
and increased strength of the concrete, perfect curing of the work without attention 
and the easy removal of the molds regardless of any undercutting the design may have. 
192 pages. Fully illustrated. Price $^.00 

ORNAMENTAL CONCRETE WITHOUT MOLDS. By A. A. Houghton. 

The process for making ornamental concrete without molds has long been held as a 
secret, and now, for the first time, this process is given to the public. The book 
reveals the secret and is the only book published which explains a simple, practical 
method whereby the concrete worker is enabled, by employing wood and metal tem- 
plates of different designs, to mold or model in concrete any Cornice, Archivolt, 
Column, Pedestal, Base Cap, Um or Pier in a monolithic form — ^right upon the job. 
These may be molded in units or blocks, and then built up to suit the specifications 
demanded. This work is fully illustrated, with detailed engravings. Price . $S.OO 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


POPULAR HANDBOOK FOR CEMENT AND CONCRETE USERS. By 

Myron H. Lewis. 

The author has brought together in this work all the salient matter of interest to 
the user of concrete and its many diversified products. The matter is presented in 
logical and systematic order, clearly written, fully illustrated and free from involved 
mathematics. Everything of value to the concrete user is given, including kinds of 
cement employed in construction, concrete architecture, inspection and testing, water- 
proofing, coloring and painting, rules, tables, working and cost data. The book com- 
prises thirty-three chapters 430 pages, 126 illustrations. Price .... $8.00 


DICTIONARIES 


STANDARD ELECTRICAL DICTIONARY. By T. O’Conor Sloanb. 

An indispensable work to all interested in electrical science. Suitable alike for the 
student and professional. A practical handbook of reference containing definitions of 
about 5000 distinct words, terms and phrases. The definitions are terse and concise 
and include every term used in electrical science. Recently issued. An entirely new 
edition. Should be in the possession of all who desire to keep abreast with the progress 
of this branch of science. Complete, concise and convenient. 790 pages. 497 illus- 
trations. New Revised and Enlarged Edition. Price $5.00 


DIESEL ENGINE 

DIESEL ENGINES: THEIR APPLICATION AND OPERATON—MARINE 
—LOCOMOTIVE— STATIONARY. By David L. Jones. 

This is the latest book on the subject of Diesel Engines written purely from a practical 
standpoint, in simple language, to enable the operator and the student to grasp the 
principles of this type of machine and to bring out the advantages of this form of prime 
mover in its various fields of operation. . 

It should be foxmd upon the desk of every power station operating engineer and every 
student of mechanical engineering, as it contains data that is invaluable, and the 
only American book containing an iUustrated chapter <^.the ^plication of tlm Diesel 
Engine to Railway Service. The importance of the Diesel En^e. cannot be over- 
estimated and the progressive engineer wiU find it his duty to exteM his knowledge into 
the Diesel Engine field. Among the chapters are: The Diesel Engine— ElemeiUary 
Thermodyhaniics— Elementary Principles — Comparative Ef^ienciee — ^Details of Con- 
stimction— Snrav Valves— Fuel Pumps, Governors, .Fuel Systems— Valve Gears— 
sSing anT Reversing Gears— Lubricating and Cuculatmg Water Systems--Indica- 
tor Cards and Engine Testing— Operation of Diesel Engmes— Representative Types of 
Entrines— — Reoresentative Types of Engines continued- 7 -A 1000 B^rse Power Sub- 
marine Diese? Engine — Diesel Engines for Railroad Servic^— Diesel E^lectnc Dnve for 
Lubricating and Fuel Oils-MarmeRifies for Vessels Propelled 
by Diesel Oil' Engines. 565 pages. 341 illustrations. Pnee. . . . . $5.00 

DIES— METAL WORK 

DIES' THEIR CONSTRUCTION AND USE FOR THE MODERN WORKING 
OF SHEET METALS. By J. V. Woodworth. . 

A most useful book, and one which should be in the hands of Ah engag^ in tlm 
■ ■rrr/M'L'-ino' df TYief'al*?' treatin®" on the Designing, Constructing, and Use of Tools, Fixtures 
' to-ether ^tV^^ they Jiould be used .n the Power 

P?^ fOT the chelp IndVapid production of the great vaiiety of sheet-metal article 
nnw in use It is designed as a guide to the production of sheet-metal parts at the 

SSnimum of cost with the maximum of outpirt. ^^nced^toThe b^st a*d^S"e by 
Press tools and the classes of work J® 

n«A nf dies in the nower press are fuUy treated. Its o4b illustrations snow cuc&, 
nress flKtiires and sheet-metal working devices, the descriptions of which are so cl^r and 

■ "0 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


DRY CLEANING 


PRACTICAL DRY CLEANER, SCOURER AND GARMENT DYER. By 

'William T. Brannt. 

The sixth corrected edition of this work us just off the press. It is the most compre- 
hensive and complete reference and text book for cleaners and dyers published and 
treats fully on cleaning plant design and construction; purification of benzine dry 
cleaning ; spot and stain removal ; wet cleaning, including the cleaning of Palm Beach 
suits and other summer fabrics; finishing cleaned fabrics; cleaning and dyeing furs, 
skins, rugs and mats; cleaning and dyeing feathers; cleaning, dyeing and blocking 
straw, felt and Panama hats; cleaning and dyeing rugs and carpets: bleaching and 
stripping garments: bleaching and dyeing straw and straw hats; cleaning and dyeing 
gloves-, garment dyeing; analysis of textile fabrics; practical chemistry for the dry 
cleaner and garment dyer. 578 pages, 41 illustrations. Price .... $3.00 


DRAWING— SKETCHING PAPER 

LINEAR PERSPECTIVE SELF-TAUGHT. By Herman T. C. Kraes. 

This work gives the theory and practice of linear perspective, as used in architectural, 
engineering and mechanical drawings. Persons taking up the study of the subject 
by themselves will be able, by the tise of the instruction given, to readily grasp the 
subject, and by reasonable practice become good perspective draftsmen. The arrange- 
ment of the book is good; the plate is on the left-hand, while the descriptive text 
follows on the opposite page, so as to be readily referred to. The drawings are on 
sufficiently large scale to show the work clearly and are plainly figured. There is 
included a self-explanatory chart which gives all information necessary for the thorough 
understanding of perspective. This chart alone is worth many times over the price of 
ine book. 2d Revised and enlarged Edition $3.00 

PRACTICAL PERSPECTIVE. By Richards and Colvin. 

Shows just how to niake all kinds of mechanical drawings in the only practical per- 
spective isometric. ,AIakes everything plain so that any mechanic can understand 
a sketch or draivmg in this way. Saves time in the drawing room, and mistakes in the 
suops. Contains practical examples of various classes of work. 5tli Edition. $1.00 

SELF-TAUGHT MECHANICAL DRAWING AND ELEMENTARY MACHINE 
DESIGN. By F. L. Sylvester, M.E., Draftsman, with additions by Erik 
Oberg, associate editor of ‘‘Machinery.^^ 

on Mechanical Drawing and Machine Design, comprising 
the^t principles of geometnc and mechanical drawing, workshop mathematics 
mecham^, streng^ of materials and the calculations and design of machine details' 
The author s aim has been to adapt this treatise to the requirements of the practical 
me ch a ni c and young draftsman and to present the matter in as clear and concise a 
pa a ni^r as possible. To meet the demands of this class of students, practically ail the 
mpoi^nt elecMnts of machme design have been dealt with, and in addition algebraic 
fbrmul^ have l^en explained, and the elements of trigonometry treated in the manner 

Sntera Jnt p°u?e 

a^mcticS machine design which are presented later, and 
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A NEW SKETCHING PAPER. 

in isometric 



CATALOGUE OF GOOD, PRACTICAL BOOKS 


ELECTRICITY 


AUITHMl'TIC OF ELECTRICITY. By Prof. T. O’Conob Sloane. 

A praclM'a! in-.il i;io on olciMrica,! calculaUonH of all kinds rcducc'd to a scries of rules, all 
of (hr .anu*!' M forms, and involvIUK onl.Y ordinary aritluiK'iie; each rule illustrated 
b.v onr or morr prari ien,l proiilmns, wltli detailed solution of each oiul This liook is 
classed anum,". h*- !: <i J i; work.s puliUshed on the science of electricity, covorini.; 
;v'. i( d(H s (hr s ; !n ::i;o ir- .ii’ <‘l(‘et,ricity in a manner that will attract the attention 
of tlioNc who ;;■■■■ a.i; i.i;:.:!;.:r With alfjfobraical formulas. Ifiditiou. 19G pajjcs. 

$1.50 

COMMUTATOR CONSTRUCTION. By Wm. Baxter, Jr. 

'I'hr hti anejis rod of any liynamo or motor of the direct current typo is the commutator. 
d’ldH iiooK fUH'N inh> tiu' desiKulnK, huiUlinK, aiui maiutenanco of commutators, shows 
liow to locale tronhU‘S and how to remedy them; everyone who fusses with dynamos 
iieedH (ins, oih Edition 35 cents 

'^DYNAMO BUILDING FOR AMATEURS, OR HOW TO CONSTRUCT A 
FIFTY- WATT DYNAMO. By Aktiiuk , 1 . Wkhd, Member of N. Y. Eleiitrical 

Soeil'ty. 

A pra.e( ical t realise sliowdiu? in ikd-ail tlu^ construction of a small dynamo or motor, the 
tmtlre juai'liine work of which can hedoneon a small foot lathe. Dimensioned working 
drawincM art' civi'ii for tsacli |)I(Tm^ of machine, work, and each oiieration Is clearly 
ile.'icrUH’tl. Tliir. tnat'ldne, wlicn listed as a dynamo, lias an output of fifty watts: when 
Uficd H i a motor ii will <lrlve a. small drill pri'ss or lathci. It can he; u.sed to drive a 
scwiiu’; inuchlpt' on any and all ordinary work. 'PlU! hook is illustrated with more 
than fiivt.v original engravings showing the actual construction of the dilhTent parts. 
Among lilt' contents art' cIuliiMts on: 1. Flfty-VValt Dynamo. 2. Side Hearing 
Hods. d. Eield Ihinching. I. Ih'arlngs. .I. (lommut.ator. l>. Pulley. 7. Brush 
Iloldt'ni. S. ('onnection Itnard. 9. .Armatnn'. Shaft.. 10. .Armature. 11. Armature 
VVhuhiiK. 12, Kield Winding. Id, (kmnectlng and Starting. Price, cloth, $1.00 


ELECTRIC BELLS. By M. IL Sleeper. 

A comph'fc treatist' for th(^ practical w(>rk(«* in installing, operating, and testing 
hell cirends, Imrgtar alarms, thermostats, and other, apparatus used with electric 
indlH, Both tin* rk-etrician atnl tlie experimenter will find in this hook new material 
wlih'h is ("fMential in their work. 'Pools, hells, hatterii^s, unusual circuits, burglar 
.alarm ;, iomnueia I (ira. s.VHte'ms, thenTuostats, circuit hre:dv(M*s, time alarms, and other 
appa,r.iiu - n >o<l in Im'II' circuits nri' ih'scrihed from the sttuidixiinl.s of their appUca- 
(i<m. Gim -tiaici ion. and r<nm,lr. 'Phe diMiailetl instructious for building the apparatus 
wm aidieal to tiie experinumter particularly. 'Plu‘, praidacal worker will find the 
<*hapter,s on Wiring dtilcuhi-tlou of Wln^ .Si/.i's and Magmd, Windings, Upkeep of 
HvMtcms and the hoca.tlon of Eaults of the gn^atest value in their work. 124 pages. 
PuUy Ulustra1-e<i. Price . 75 cents 


HOUSE WJRINO. iiy Tiiomah W. Poppe. 



(loll .••Isriiiial to (he Succt'ssfni Wiring of a Building. Among the subjects treated aru. 
Lnraling f hr Meier. I'ain'l Boards. Swhclie.s. Plug Keceptaclis. Brackets, f'cilmg 
PlMatres. 'Phe Met.tM- tlommctlons. d’lie Pce,d Win'S. 'Phe Steel Arrnorixl Cabh^ 
System ’ 'IIjc L'lexibh^ HBm'I iknidnli. Systc'm. The liitlig (kirulnit vSyslc.m. A. digiLst 
oi’ the National Botu’d of Plre llmltTwritt'rs’ rules relating to namillic winiig systems. 






CATALOGUE OF GOOD, PRACTICAL BOOKS 


ELECTRICIANS’ HANDY BOOK. By Prof. T. O’Conor Sloane. 

This TTork is intended for the practical electrician who has to make things go. The 
entire field of electricity is covered within its pages. Among some of the subjects treated 
are: The Theory of the Electric Current and Circuit, Electro-Chemistry, Primary 
Batteries, Storage Batteries, Generation and Utilization of Electric Powers, Alter- 
nating Current X-matu-o Winding, Dynamos and Motors, JNIotor Generators, 
Operation of the (\ : 5 iral Station Switchboards, Safety Appliances, Distribution 
of Electric T.ijrht and Eo'a '■■■•. Street Mains, Transformers. Arc and Incandescent 
.j-iL'l!;i:''j:. r^c Aleasurements, Photometry, Eleciric Mail ways. Telephony, Bell- 
V\ i cr. lii.'crrur-' dating. Electric Heating, Wireless 'I'elegrajiliy. ('ic. It contains no 
riiroi'y: everything is to the point. It teaches you just what you want to 
know about electr'ckv. it is the standard work published on the subject. Forty- 
six chapters, 600 engravings. New 5th Edition, Revised and Enlarged. Price $4.00 

'^ELECTRIC TOY MAKING, DYNAMO BUILDING, AND ELECTRIC MOTOR 
CONSTRUCTION. By Prof. T. O’Conob Sloane. 


Tliis work treats of the making at home of electrical toys, electrical apfiaratus, motors, 
dynamos and instruments in general, and is designed to bring within the reach of 
yoimg and old the manufacture of genuine and useful electrical appliances. The work 
is especially designed for amateurs and young folks. 

Thousands of our young people are daily experimenting, and busily engaged m making 
electrical toys and apparatus of various lands. The present work is just what is want- 
ed to crive the much noodcd information in a plain, practical manner, with illustrations 
to .'liaUe ci;,s\ :i:e cju-.-vir.u oiu of ric -Ao-k. 21st Edition. 254 pages, 118 illustrations. 
Price j ....... $1.60 


ELECTRIC WIRING, ^DIAGRAMS AND SWITCHBOARDS. By Newton 
Harrison. 

A thoroughly practical treatise covering the subject of Electric Wiring in all its branches, 
including explanations and diagrams which are thoroughly explicit and gro^atly simplify 
the subject. Practical, every-day problems in wiring are presented and the method 
of obtaining intelligent results clearly shown. Only arithmetic is used. Ohm’s law 
is given a simple explanation with reference to wiring for direct and alternating 
currents. The fundamental principle of drop of potential in circuits is shown with its 
various applications. The simple circuit is developed with the position of mains, 
feeders and branches; their treatment as a part of a wiring iDlan and their employ- 
ment in house wiring clearly illustrated. Some simple facts about testing are included 
in connection with the wiring. Molding and conduit work are given careful considera- 
tion; and switchboards are systematically treated, built up and illustrated, showing 
the purpose they serve, for connection with the circuits, and to shunt and compound 
woimd machines. The simple principles of switchboard construction, the develop- 
ment of the switchboard, the connections of the various instruments, including the 
hghtning arrester, are also plainly set forth. 

■Alternatini? cument wirirg I®: treated, with explanations of the power factor, conditions 
-V)." \ a:-io-:-- of 'a ir-:-. ard a sinalo vay oCobtaining the sizes for single-phase, 

; v\o-f)!'.a>i- ;!-ui •.r!r(-e-r)h?:<o ci-‘cui;s. TJiis i< i!;e only complete work is.sued showing 
!.(-!!l;ig you v.-ha!, you shouiu kt'iow ai) 0 i.L d:r\.'(n and alternating ciUTont wiring. It 
is a ■••'Ldy re-.-reace. Tiie vork is lVe(j fr-orn advancvNi technicalities and mathematics, 
aril i:T:ri'c uS-.-d i aroi.'eiiouu. Jl Is in every respect a handy, well-written, 

in.'-rruc;: i\e. (‘o.rnprv-hen-iv*: vol.um^ on wiring for i.fio wireman, foreman, contractor, 
or electrician. 3rd edition, refused and enlarged. 315 pages; 137 illustrations. 
Price $2.50 


EXPERIMENTAL HIGH FREQUENCY APPARATUS — HOW TO MAKE 
AND USE IT. By Thomas Stanley Curtis. 

This book tells you how to build simple high frequency coils for experimental purpose 
in the home, school laboratory, or on the small lecture platform. The book is really 
a supplement to the same aut:! 0 ’‘'s ■■ J f I'rv-'iuene:. \ pua r?- :;s.” The experimental 
side only is covered in this voi:.rne. wideh I.- in J.cndv-d for :i;o-e who want to build 
small coils giving up to an (-^-rli!.e-('t!-ineii <!)ark. T:;c Ixx)!; contains valuable in- 
formation for the physics or ilu? mariuai i;*ainin.!r learlic!- '.‘.lu) is on the lookout for 
interesting projects for his boys io bailcl or < .\'pc'*ifrM-n! wi:l!. The apparatus is 
simple, cheap and perfectly safV-. and wiili i; .'■orne irulv snar: linu experiments may be 
performed. Among the conti.-ms are: induei ion Coil OiMli;s Operated on Battery 
CiOTent. Kicking Coil Apparatus. One-Half Kilowatt Transformer Outfit. Parts 
and Materials, etc., etc. 69 pages. lUustrated. Price 60 cents 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


ELECTRICITY SIMPLIFIED. By Prof. T. O’Conoe Sloane. 

The object of “Electricity Simplified” is to make the subject as plain as possible and 
to show what the modern conception of electricity is; to show how two plates of 
different metal, immersed in acid, can send a message aromid the globe; to explain 
how a bundle of copper wire rotated by a steam engine can be the agent in lighting 
our streets, to tell what the volt, ohm and ampere are, and what high and low tension 
mean; and to answer the questions that perpetually arise in the mind in this age of 
electricity. 15th Revised Edition. 218 pages. Illustrated. Price . . $ 1.60 

EVERYBODY’S ELECTRICAL HANDBOOK. By Edward J. Volk, Practical 
Electrician. 

Anyone with the nid of this book can do almost any of the small electrical jobs about 
the iiome. i;-. »■■■;. = is written in plain language. It tells how to start, what to 
use, and every move until this work is completed. In repairing electrical devices 
it tells where to locate the trouble and how to repair it. You will find this book differ- 
ent from any other book you have ever read. Should be in every home. Second 
edition. Pocket size. 135 pages. 78 Illustrations. Price $ 1.00 

HIGH FREQUENCY APPARATUS, ITS CONSTRUCTION AND PRACTICAL 
APPLICATION. By Thomas Stanley Curtis. 

The most comprehensive and thorough work on this interesting subject ever produced . 
The book is essentially practical in its treatment and it constitutes an accurate record 
of the researches of its author over a period of several years, during which time dozens 
of coils were built and experimented with. The work has been divided into six basic 
parts. Tlae first two chapters tell the uninitiated reader what the high frequency 
current is, what it is used for, and how it is produced. The second section, comprising 
four chapters, describes in detail the principles of the transformer, condenser, spark 
gap, and oscillation transformer, and covers the main points in the design and con- 
stmction of these devices as applied to the work in hand. The third section covers 
the construction of small high frequency outfits designed for experimental work in the 
home laboratory or in the classroom. The fourth section is devoted to electro- 
therapeutic and X-Ray apparatus. The fifth describes apparatus for the cultivation 
of plants and vegetables. The sixth section is devoted to a comprehensive discussion 
of apparatus of large size for use upon the stage in spectacular productions. The 
closing chapter, giving the current prices of the parts and materials required for the 
construction of the apparatus described, is included with a view to expediting the 
purchase of the necessary goods. The Second Edition includes much new matter 
along the line of home-made therapeutic outfits for physicians’ use. The matter on 
electro plant culture has also been elaborated upon. Second Revised and Enlarged 
Edition. 266 pages. New second edition. Fully illustrated. Pi’ice . $ 3.00 

STANDARD ELECTRICAL DICTIONARY. By T. O’Conor Sloane. 

An indispensable work to all interested in electrical science. Suitable alike for the 
student and professional. A practical handbook of reference containing definitions 
of about 5,000 distinct words, terms and phrases. The definitions are terse and 
concise and include every term used in electrical science. Recently issued. An en- 
tirely new edition. Should be in the possession of all who desire to keep abreast with 
the progress of thi-s branch of science. In its arrangement and typography the book 
is very convenient. The word or term defined is printed in black-faced type which 
readily catches the eye, while the body of the page is in smaller but distinct type. The 
definitions are well worded, and so as to be understood by the non-technical reader. 
The general plan seems to be to give an exact, concise definition, and then amplify 
and explain in a more popular way. Synonyms are also given, and references to other 
words and phrases are made. A very complete and accurate index of fifty pages is 
at the end of the volume ; and as this index contains all synonyms, and as all phrases 
are indexed in every reasonable combination of words, reference to the proper place 
in the body of the book is readily made. It is difficult to decide how far a book of 
this character is to keep the dictionary form, and to what extent it may assume the 
encyclopedia form. For some purposes, concise, exactly worded definitions are needed ; 
for other purposes, more extended descriptions are required. This book seeks to satisfy 
both demands, and does it with considerable success. Complete, concise and con- 
venient. 790 pages. 497 illustrations. New Revised and Enlarged Edition. Price 

$ 5.00 
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HOW TO BECOME A SUCCESSFUL ELECTRICIAN. By Prof. T. O’Conor 
Sloane. 

Every young man who wishes to become a successful electrician should read this book. 
It tells in simple language the surest and easiest way to become a successful electrician. 
The studies to be followed, methods of work, field of operation and the requirement, 
of the successful electrician are pointed out and fully explained. Every young en- 
gineer will find this an excellent stepping stone to more advanced works on electricity 
which he must master before success can be attained. Many young men become dis- 
couraged at the very outstart by attempting to read and study books that are far 
beyond their comprehension. This book serves as the connecting link between the 
rudiments taught in the public schools and the real study of electricity. It is inter- 
esting from cover to cover. 19th Revised Edition, just issued. 205 pages. Illus- 
trated. Price $1.50 

STORAGE BATTERIES SIMPLIFIED. By Victor W. Page, M.S.A.E. 

A complete treatise on storage battery operating principles, repairs and applications. 
The greatly increasing npplicntion of ‘storage batteries in modern engineering and 
mechanical work has rri'.'Urd a (ivuiiarid for a book that will consider tliis subject 
completely and exclusivi -ly. 'ri:i< i.-s most thorough and authoritative treatise 
ever published on tiiis subject. It is written in easily understandable, non-technical 
language so i liar anyone may grasp the basic principles of storage battery action as 
well as iheir practical industrial applications. All electric and gasoline automobiles 
use storage batteries. Every automobile reiiairman, dealer or salesman should have a 
good Unov.lrdge o-' ruai me nance and repju'' <fi“ these important elements of the motor 
car •'{tcharii'-'!'.!. TIm.- book not only lelLs !io\v to charge, care for and rebuild storage 
batteries !)■!;, a ho oadiiu^: all the .indu.'-’irlal uses. Learn how they rpn street cars, 
locomotives and factory trucks. Get an understanding of the important functions they 
perform in submarine boats, isolated liirhting nlnnts, railway switch and signal systems, 
marine apnilcations. etc. This iuiok tell.s row are used in central station standby 
■r’vico, J’or .'jiariing automobile motors and in ignition systems. Every practical use 
or r=;e moiU fT! .'“■.orage battery is outlined in this treatise. 258 pages. Fully ihus- 
Lrated. Ihico $2.00 

WIRING A HOUSE. By Herbert Pratt. 

Shows a house already built; tells how to start about wiring it; where to begin; what 
wire to use; how to run it according to insurance rules; in fact, just the information 
you need. Dh'ections apply equally to a shop. We have ju‘st issued an enlarged 
edition of this popular work, which has been brought up to date. The same treat- 
ment of the subject which is distinguished by simplicity, combined with a correct 
presentation of the subject, from the standpoint of compliance with the Underwriter’s 
Code, and wiiicli characterized the earlier editions of the book is adhered to. The 
wiring as given is !>n.''ed oo riie twonty-fivo watt tungsten filament lamp, now as much 
the standard as i ht* '•■ivutu card ic carbon filament lamp of former days. The 
modern timorston lih.rrcr i !;rno of today has changed the whole phase of 

(■i('ci!'ic wii'ir ir oi‘ i ii-e iiom-.^ ar.d raciory, and this book not only tells of the wiring for an 
i!;.<ial!ai ion. biu al-d Ldec-; -o.uu- very up-to-date suggestions on the subjects of selection 
of electroliers and fittings, location of lamps and base sockets with many practical 
hints for the location of lamps and plug sockets to get the best results. Seventh edi- 
tion which has been entirely revised, and very much enlarged, Brice , . 60 cents 

ELECTROPLATING 


TEffi MODERN ELECTROPLATER. By Kenneth M. Coggeshall. 

This is one of the most complete and practical books on electroplating and allied 
processes that has been published as a text for the student or professional plater. 
It is written in simple language and explains all details of electroplating in a concise 
yet complete manner. It starts at the beginning and gives an elementary outline 
of electricity and chemistry as relates to plating, then considers shop layout and 
equipment and gives all the necessary information to do reliable and profitable electro- 
plating in a modem commercial manner. Full instructions are given for the prepara- 
tion and finishing of the work and formulae and complete directions are included for 
making all kinds of plating solutions, many of these having been trade secrets until 
published in tliis instruction manual. Anyone interested in practical plating and 
metal finishing will find this book a valuable guide and complete manual of the art. 
Cloth. 142 illustrations. 276 pages. Price $3.00 
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ICLICC'rUO-DlCPOSITION OF METALS. By Dii. Gisokok LANCiBEiN and 

WUJJAM 'P. I'iltANNT. 

'I'lic iiijith rorn‘c((Ml (nlil-ion <)!’ this work (■ontaiiis (nau-yl hiti^ iiiiyoiie wants to know 
jitxuU (lio and (InishirJK of nu't.als, and is i)ra.(*i icajly an encyclopoclia of the 

iuduNlry. ll is \\rilt(Mi in pkun lannua^n^ with siXHaal rcd'oivncc’: to the needs of the 



<*a(lonN, 'Tlu* inin’csi. of most. n‘.a.<lr.rs will (Ion hiless eent.c*r in the main, division of the 
V<)hun<^ (lu^ nractiiMl part, whicli pn-soins the indiisiry in ail its aspects from the 
arram'onuMil. of ('led ro-plat inij <\stal)lishnu‘nls to actual methods used in the deposition 
of \ari()us im-tals. It is Ixri* tlia.t (lu^ i)la.t.e.r llnds a tmisury ot practice that he may 
(urn to account' in Ins husiiii'ss. As a work of reference it is unapproached by 

anv similar work ii> otir lan.t^ua.m-- 'Plu^ lormulas alone are worth many times l^e 
cost) of (he book to anyont* intercsli'd in platiiitJj and other metal fiiiisliing m^hod^ 
Htih puKcs. IS.h illustrations. 


FUEL 


COMBUSTION OF COAL AND THE PREVENTION OF SMOKE. By Wm. 

M. liA UH. 

'I'hls book I 
c.ojubnstlon 

with t Im (‘ondtt.ionH lUH’essary t-o i.no econoimo auu aAiiu*vu*v,c 
coals in Stittil'ionarv and boitomoMvt^ Hteani Jioilcrs. ^ 

’I’he oosimt.Jdilon *of this iin(K)r(.anl. sul>j(a‘t is systematic and pro|,re-ssive. The a]> 
la w unit (^ f in practical questions which are appendeti 

ianK('m< ni» oi tuc ' , h .1 m... s,. i.irwOm.rrv from ti^chnicalitios, the several 

‘ ' ; it clearly states the 
b methods for furnace 
given quality of 
. . $ 1.60 



GAS AND OIL ENGINES 


THE GASOLINE ENGINE ON THE FARM: ITS OPERATION, REPAIR 

AW'D USES iiv X,KN0 W. l^UTNAM. 

a,nd honscwile, 1 In le y,.mcv to say that it is the kind of a book 

<iua.tcly (Icscrihc. it. in homo ought to have. Includes selecting 

ov(‘ry fa.rmnv will nppredaU most convenient and efficient installation, 

most suitable and how to avoid them. The care and 

with on < 7 '^ harvesting and roaci grading 

manaKjmn^nt. Jn d f<>'' handling the tractor on the road 

are fully cov(»ivd ; also I> life of its drudgery by applying power to 

Hpecial attiuitlon Is h> Y" ^ jj^nd. Many home- 

the dlsagivi'n hk^ siimU tasks ‘ ii^ garden, and barn with water, 

,„nd(‘ cnntrivmiecs for <■’'<' rid ^ bins or the feed trough 

loNdin.f^ hauliug the cows, churn,, w^ash. 

an' included; also full hu‘’( non.s for 1 ‘ ' ^ Verv fullv illustrated with drawings of 

svvi'i'pi.lu'. lious(‘ Port&ile and Tractor Engines doing all 

“ » «3s; 

toK«;‘ 6M) ()aK«s. Nearly IHO engravings. Price 
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GASOLINE ENGINES : THEIR OPERATION, USE AND CARE. By A. Hyatt 
Verrill. 

The simplest, latest and most comprehensive popular work published on Gasoline 
Engines, describing what the Gasoline Engine is; its construction and operation; how 
to install it; how to select it; how to use it and how to remedy troubles encountered. 
Intended for Owners, Operators and Users of Gasoline Motors of all kinds. This 
work fully describes and illustrates the various types of Gasoline Engines used in 
Motor Boats, Motor Vehicles and Stationary Work. The parts, accessories and 
appliances are described, with chapters on ignition, fuel, lubrication, operation and 
engine troubles. Special attention is given to the care, operation and repair of motors, 
with useful hints and suggestions on emergency repairs and makeshifts. A complete 
glossary of technical terms and an alphabetically arranged table of troubles and their 
symptoms form most valuable and unique features of this manual. Nearly every 
illustration in the book is original, having been made by the author. Every page is 
full of interest and value. A book which you cannot afford to be without. 275 page's. 
152 specially made engravings. Price $S.OO 

GAS ENGINE CONSTRUCTION, OR HOW TO BUILD A HALF-HORSE- 
POWER GAS ENGINE. By Parsell and Weed. 

A practical treatise of 300 pages describing the theory and principles of the action of 
Gas Engines of various types and the design and construction of a half-horse-power 
Gas Engine, with illustrations of the work in actual progress, together with the dimen- 
sioned working drawings, giving clearly the sizes of the various details; for the student, 
the scientific investigator, and the amateur mechanic. This book treats of the subject 
more from the standpoint of practice than that of theory. The principles of operation 
of Gas Engines are clearly and simply described, and then the actual construction of a 
half-horse-power engine is taken up, step by step, showing in detail the making of the 
Gas Engine. 3d Edition. 300 pages. Price $ 8.00 

HOW TO RUN AND INSTALL GASOLINE ENGINES. By G. Von Gulin. 
Revised and enlarged edition just issued. The object of this little book is to furnish 
a pocket instructor for the beginner, the busy man who uses an engine for pleasure or 
profit, but who does not have the time or inclination for a technical book, but simply 
to thoroughly understand how to properly operate, install and care for his own engine. 
The index refers to each trouble, remedy, and subject alphabetically. Being a quick 
reference to find the cause, remedy and prevention for troubles, and to become an 
expert with his own engine. Pocket size. Paper binding. Price . , 26 cents 


GEARING AND CAMS 


CHANGE GEAR DEVICES. By Oscar E. Pbrbigo. 

A practical book for every designer, draftsman, and mechanic interested in the inven- 
tion and development of the devices for feed changes on the different machines requir- 
ing such mechanism. All the necessary information on this subject is taken up, 
analyzed, classified, sifted, and concentrated for the use of busy men who have not the 
time to go through the masses of irrelevant matter with which such a subject is usu- 
ally encumbered and select such information as will be useful to them. 

It shows just what has been done, how ic has been done, when it was done, and who 
did it. It saves time in hxmting up patent records and re-inventing old ideas. 3rd 
Edition. 101 pages $1.50 

CAMS, LAYOUT AND DRAFTING. By Louis Rouillon. 

A practical work on various forms of canas and their design including useful sugges- 
tions for laying out and drafting typical forms. Contents ; 1. Laying Out Cams. 2. 
Drafting Cam Curve. 3. Heart Shape Cam. 4. Positive Motion Cam. 5. Irregular 
Motion Cam. 6. Toe and Lift Cam. 7. Double Contact Cam. 8. Cylindrical Cam. 
9. Cam Belt Shifter. 10. Gas Engine Cams. 11. Cam for Mushroom Follower. 12. 
Non-reversible Cams. 13. Reversible Cam. 14. Variable Motion. 15. Harmonic 
Motion. 16. Motion Diagram. 17. Plat Reciprocating Cam. 18. Sleeve Cam. 19. 
Face and Drum Cams. 20. Device for Cam Drafting. Revised and Enlarged Edition. 
Paper cover. Price 75 cents 
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HYDRAULICS 


hydraulic engineering. By Gakdnek D. Hiscox. 

A treatise on the properties, power, and resources of water for all purposes Ineludine 
of streams, the flow of water in pipes or conduits; the horse-no wer 
or tailing water, turbine and impact water-wheels, wave motors, centrifugal recinrn- 
catmg and air-lift pumps. With .300 figures and diagrams and 30 practical tables 
Afl who are mterested in water-works dcvidopmeni will find this book a useful one’ 
because it is an entirely practical treatise upon a subject of present importance and 
cannot fail m having a far-reacMng influence, and for this reason should have a place 
m the working library of every engineer. Among the subjects treated are: Historical 
Jtiycmauhcs, Properties of Water, Measurement_of the Flow of Streams- FIow- 


mg Water Suface Orifices and Xo/./.les; Flow of Waie- in i’l--..; 

Kinds: Dams and Great .Storage Rese’-.oi”-: Cl-.y and Town 
and Their Reinforcement; .Ai." iJfi Me: hods of Kni.sinL' W, 

I^igation of Arid Districts; Wai-er fVmi-r; Waier-Wlu-iiN; 

Machinery; Reciprocating Ihmm.s; liydraulu* .l*ov.-s-r ■ Hvdra'uhc 

Mming; Canals: Dredges; ('onduits and Pipe Lines; Marine Hydraulics; Tidal and 
Sea Wave Power, etc. 320 pages. Price $4 50 


'!:)ho;is of Various 
U; Supply; Wells 
■ .-\r-tesian Weils, 
l::!!:)-'- and Pumping 


ICE AND REFRIGERATION 


POCKETBOOK OF. .REFRIGERATION AND ICE MARING. By A. J. 

Wallts-Taylor. 

This is one of the latest and most comprehensive reference books published on the 
subject of refrigeration and cold storage. It explains the properties and refrigerating 
effect of the different fluids in use, the management of refrigerating machinery and the 
construction and insulation of cold rooms with their required pipe surface for different 
degrees of cold ; freezing mixtures and non-freezing brines, temperatures of cold rooms 
for all kinds of provisions, cold storage charges for all classes of goods, ice making 
and storage of ice, data and memoranda for constant reference by refrigerating engineers, 
with nearly one hundred tables containing valuable references to every fact and con- 
dition required in the installment and operation of a refrigerating plant. New 
edition just published. 216 pages. 44 illustrations. Price . . . . $2.00 


INVENTIONS— PATENTS 


mVENTORS’ MANUAL, HOW TO MAKE A PATENT PAY. 

This is a book designed as a guide to inventors in perfecting their inventions, taking 
out their patents and disposing of them. It is not in any sense a Patent Solicitor’s 
Circular nor a Patent Broker’s Advertisement. No advertisements of any description 
appear in the work. It is a book containing a quarter of a century’s experience of a 
successful inventor, together with notes based upon the experience of many other 
inventors. 

Among the subjects treated in this work are: How to Invent. How to Secure a 
Good Patent. Value of Good Invention. How to Exhibit an Invention. How to 
Interest Capital. How to Estimate the Value of a Patent. Value of Design Patents. 
Value of Foreign Patents. Value of Small Inventions. AdMce on Selling Patents. 
Advice on the Formation of Stock Companies. Ad\ice on the Formation of Limited 
Liability Companies. AdMce on Disposing of Old Patents. AdMce as to Patent 
Attorneys. Advice as to Selling Agents. Forms of Assignments. License and Con- 
tracts. State Laws Concerning Patent Rights. 1920 Census of the United States by 
Counts of Over 10,000 Population. Third refused edition. 13S pages. Illustrated. 
Price $1.50 
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KNOTS 


KNOTS, SPLICES AND ROPE WORK. By A. Hyatt Vbbrill. 

This is a practical book giving complete and simple directions for making all the most 
useful and ornamental knots in common use, with chapters on Splicing, Pointing, 
Seizing, Serving, etc. This book is fully illustrated with one hundred and fifty 
original engravings, which show how each knot, tie or splice is formed, and its appear- 
ance when finished. The book will be found of the greatest value to Campers, Yachts- 
men, Travelers, Boy Scouts, in fact, to anyone having occasion to use or handle rope 
or knots for any purpose. The book is thoroughly reliable and practical, and is not 
only a guide, but a teacher. It is the standard work on the subject. Among the 
contents are; 1. Cordage, Kinds of Rope. Construction of Rope, Parts of Rope 
Cable and Bolt Rope. Strength of Rope, Weight of Rope. 2. Simple Knots and 
Bends. Terms Used in Handling Rope. Seizing Rope. 3. Ties and Hitches. 4. 
Noose, Loops and Mooring Knots. 5. Shortenings, Grommets and Salvages. 6. 
Lasiiings, Seizings and Splices. 7 Fancy Knots and Rope Work. Third revised 
edition. __ 104 pages. 154 original engi-avings. Price $1.00 


LATHE WORK 


LATHE DESIGN, CONSTRUCTION, AND OPERATION, WITH PRACTICAL 
EXAMPLES OF LATHE WORK. By Oscar B. Pebrigo. 

A new revised edition, and the only complete American work on the subject, written 
by a man who knows not only how work ought to be done, but who also Imows how 
to do it, and how to convey this knowledge to others. It is strictly up-to-date in its 
descriptions and illustrations. Lathe history and the relations of the lathe to manu- 
facturing are given; also a description of the various devices for feeds and thread 
cutting mechanisms from early efforts in this direction to the present time. Lathe 
design is thoroughly discussed, including back gearing, driving cones, thread-cutting 
gears, and all the essential elements of the modern lathe. The classification of lathes 
is taken up, giving the essential differences of the several types of lathes including, 
as is usually understood, engine lathes, bench lathes, speed lathes, forge lathes, gap 
lathes, pulley lathes, forming lathes, multiple-spindle lathes, rapid-reduction lathes, 
precision lathes, turret lathes, special lathes, electrically-driven lathes, etc. In addi- 
tion to the complete exposition on construction and design, much practical matter on 
lathe installation, care and operation has been incorporated in the enlarged 1915 edi- 
tion. All kinds of lathe attachments for drilling, milling, etc., are described and 
complete instructions are given to enable the novice machinist to grasp the art of lathe 
operation as well as the principles involved in design. A number of difficult machining 
operations are described at length and illustrated. The new edition has nearly 500 
pages and 350 illustrations. Price $3.00 


LATHE WORK FOR BEGINNERS. By Raymond Francis Yates. 

A simple, straightforward text-book for those desiring to learn the operation of a 
wood turnincr or TriOl-.nl-turning lathe. The first chapter tells how to choose a lathe * 
and ji!] oT ; lu- .'jt;; ndard types on the market are described. Simple and more advanced 
lathe work is thoroughly covered and the operation of all lathe attachments such as 
millers, grinders, polishers, etc., is described. The treatment starts from the very 
bottom and leads the reader through to a point where lie will be able to handle the 
larger commercial machines with very little instruction. The last chapter of the 
book is devoted to tilings to make on the lathe and includes a model rapid-fire naval 
gun. This is the only book published in this country that treats lathe work from 
standpoint of the amateur mechanic. 162 illustrations. About 250 pages. 

^ 2.00 


TURNING AND BORING TAPERS. By Fred H. Colvin. 

There are two ways to turn tapers; the right way and one other. This treatise has 
to do with the right way; it tells you how to start the work properly, how to set the 
mthe, what tools to use and how to use them, and forty ana one other little things 
that you should know. Fifth edition. Price 35 cents 
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LIQUID AIR 


LIQUID AIR AND THE LIQUEFACTION OF GASES. By T. O’Conor Sloane. 

theory, discovery, and manufacture of Liquid Air 
illustrated description of all the experiments that have excited the 
audiences all over the country. It shows how liquid air, like water is 

pected from ifin 

^ of scientific interest and authority, but is intended for the general 
wntten m a popular style — easily understood by everj^one. ^Third 
edition. Kevised and Enlarged. 394 pages. New Edition. Price . . . $3.00 


LOCOMOTIVE ENGINEERING 


AIR-BRAKE CATECHISM. By Robert H. Blackall. 

This book is a standard text-book. It covers the Westinghouse Air-Brake Equipment 
including the No. 5 and the No. 6 E. T. Locomotive Brake Equipment; the K (Quids 
Service) Triple Valve for Freight Service; and the Cross-Compound Pump. The 
operation of all parts of the apparatus is explained in detail, and a practical way of 
finding their peculiarities and defects, with a proper remedy, is given. It contains 
2,000^ questions with their answers, which wiU enable any railroad man to pass any 
examination on the subject of Air Brakes. Endorsed and used by air-brake instruc- 
tors and examiners on nearly every railroad in the United States. New edition. 710 
pages, fully illustrated with colored plates and diagrams. Price $4.00 

COMBUSTION OF COAL AND THE PREVENTION OF SMOKE. By Wm 
M. Barr. 


This book has been prepared with special reference to the generation of heat by the 
combustion of the com.mon fuels found in the United States and deals particularly 
with the conditions necessary to the economic and smokeless combustion of bituminous 
coal in Stationary and Locomotive Steam Boilers. 

Presentation of this important subject is systematic and progressive. The ar- 
rangement of the book is in a series of practical questions to which are appended 
accurate answers, which describe in language free from technicalities the several 
processes involved in the furnace combustion of American fuels; it clearly states the 
essential requisites for perfect combustion, and points out the best methods of furnace 
construction for obtaining the greatest quantity of heat from any 'given quality of 
coal Nearly 350 pages, fully illustrated. Price . . . . .. . . . . . $1.60 


DIARY OF A ROUND-HOUSE FOREMAN. By T. S. Reilly. 

This is the greatest book of railroad experiences ever published. Containing a fund of 
information and suggestions along the line of handling men, organizing, etc., that one 
cannot afford to miss. 158 pages. Price $1.25 


LOCOMOTIVE BOILER CONSTRUCTION. By Frank A. Kleinhans. 

The construction of boilers in general is treated, and, following this, the locomotive 
boiler is taken up in the order in which its various parts go through the shop. Shows 
all types of boilers used; gives details of construction; practical facts, such as life of 
riveting, punches and dies; work done per day, allowance for bending and flanging 
sheets, and other data. Including the recent Locomotive Boiler Inspection Laws 
and Examination Questions vith their answers for Government Inspectors. Contains 
chapters on Laving Out Work; Flanging and Forging; Punching; Shearing; Plate 
Planing; General Tables; Finishing Parts; Bending; M^hmery Parts; Riveting; 
Boiler Details; Smoke Box Details; Assembling and Calking; Boiler Shop 
Machinery, etc., etc. , .ax. . t 

There isn’t a man who has anything to do with boiler work, either new or repair work, 
who doesn’t need this hook. The manufacturer, superintendent, foreman, and boiler 
worker— all need it. No matter what the type of boiler, you’ll find a mint of informa- 
tion that you wouldn’t he without. 451 pages, 334 illustrations, five large folding 
plates. Price 
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LOCOMOTIVE BREAKDOWNS AND THEIR REMEDIES. By Geo. L. 
Fowler. Revised by Wm. W. Wood, Air-Brake Instructor. Just issued. 
Revised pocket edition. 

It is out of the question to trj’’ and tell you about every subject that is covered in this 
pocket edition of Locomotive Breakdowns. Just imagine all the common troubles 
that an engineer may expect to happen some time, and then add all of the unexpected 
ones, troubles that could occur, but that you have never thought about, and you will 
find that they are all treated with the very best methods of repair. Walschaert 
Locomotive Valve Gear Troubles, Electric Headlight Troubles, as well as Questions 
and Answers on the Air Brake are all included. 293 pages. Sth Revised Edition. 
Fully illustrated $1.50 

PREVENTION OF RAILROAD ACCIDENTS, OR SAFETY IN RAILROADING 

By Geoege Beadshaw. 

This book is a heart-to-heart talk with Railroad Employees, dealing with facts, not 
theories, and showing the men in the ranks, from every-day experience, how accidents 
occur and how they may be avoided. The book is illustrated with seventy original 
photographs and drawings showing the safe and imsafe methods of work. No vision- 
ary schemes, no ideal pictures. Just plain facts and Practical Suggestions are given. 
Every railroad employee who reads the book is a better and safer man to have in 
railroad service. It gives just the information which will be the means of preventing 
many injuries and deaths. AU railroad employees should procure a copy; read it, 
and do your part in preventing accidents. 169 pages. Pocket size. Fully illustrated 
Price 50 cents 


THE WALSCHAERT AND OTHER MODERN RADIAL VALVE GEARS FOR 
LOCOMOTIVES. By Wm. W. Wood. 

If you would thoroughly understand the Walschaert Valve Gear you should possess a 
copy of this book, as the author takes the plainest form of a steam engine — a stationary 
engine in the rough, that will only turn its crank in one direction — and from it builds 
up — with the reader’s help — a modem locomotive equipped with the Walschaert 
Valve Gear, complete. The points discussed are clearly illustrated: two large folding 
plates that show the positions of the valves of both inside or outside admission type, as 
well as the links and other parts of the gear when the crank is at nine different points 
in its revolution, are especially valuable in making the movement clear. These employ 
sliding cardboard models which are contained in a pocket in the cover. 

The book is divided into five general divisions, as follows: 1. Analysis of the gear. 
2. Designing and erecting the gear. 3. Advantages of the gear. 4. Questions and 
aMwera relating to the Walschaert Valve Gear. 5. Setting valves with the Wal- 
schaert Valve Gear; the three primary types of locomotive valve motion: modern 
radial valve gears other than the Walschaert; the Hobart All-free Valve and Valve 
Gear, with questions and answers on breakdowns; the Baker-Pilliod Valve Gear* the 
Improved Baker-Pilliod Valve Gear, with questions and answers on breakdowns, 
a he questions with full answers given will be especially valuable to firemen and engi- 
neers m preparing for an examination for promotion. 245 pages. Fully illustrated. 
Third Revised New Edition. Price .• 1 . $S.50 

WESTINGHOXJSE E-T AIR-BRAKE INSTRUCTION POCKET BOOK. By 
Wm. W. Wood, Air-Brake Instructor. 

Here is a book for the railroad man, and the man who aims to be one. It is without 
doubt the only complete work published on the Westinghouse E-T Locomotive Brake 
Equipment. Written by an Air-Brake Instructor who knows just what is needed. It 
^vers t^ subject thoroughly. Everything about the New Westinghouse Engine and 
Tender Brake Equipment, including the standard No. 5 and the Perfected No. 6 
treated in detail. Written in plain English and profusely illustrated 
with Colored Plates, which enable one to trace the flow of pressures throughout the 
e<iuipment. The best book ever published on the Air Brake. Equally good for 
the beginner ^d the advanced engineer. Will pass anyone through any examination. 
it informs and enhghtens you on every point. Indispensable to every engineman and 
trainman. 


ContmM examinaticm qu^tions and answers on the E-T equipment. Covering what 
the E-T Brake is. How it should be operated. What to do when defective. Not a 
questicm ^n be asked of the engineman up for promotion, on either the No. 5 or the 
No. 6 :^T eqmprnent, that is not asked and answered in the book. If you want to 
thorough^ imderstaM the E-T equipment get a copy of this book. It covers every 
jyr^ake troubles and examinations easy. Second Revised and 


detail. 

Enlarged Edition. Price 


$S.50 
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LINK MOTIONS, VALVES AND VALVE SETTING, 

Associate Editor of American Machinist. 


By Feed H. Colvin, 


A handv book for the enpiineer or machinist that clears up the mysterms of valve 
^ different valve gears in use, how they work, and why. Piston 

Hubbe’u Valve Gear, etc., etc. 3rd Edition, 101 pages. Fully illustrated. 

MACHINE-SHOP PRACTICE 

ABRASIVES AND ABRASIVE WHEELS. By Feed B. Jacobs. 

A new booli for everyo^ intere^^d to abra^^fi 

MtCtVthe^hop 

kinks, ^ that will tend to give the superintendent or workman 

rre‘erinlKraK“efgfS^^^ 340 pfges. 174 illustrations. This an 
indispensable book for every machinist. Price ........ wo.w 

COMPLETE PRACTICAL MACHINIST. By Joshua Rose. 

should be properly done. It COTers ^tM worK^^i^^^ grinding, mark- 

HOME MECHANIC’S WORKSHOP COMPANION. By Andebw Jackson, Jk. 

This treatise inclndes a comgla^no^^^^^^ 

the handy man, and while it is not inten^^ or ^ desires to rig up a small 

i£Srwt?e%dd1oSWfc"^^^ 

MACHINE-SHOP TOOLS AND SHOP PRACTICE. By W. H. Vandeevooet. • 
XYiii.v.'XxxxiAi OA-L ■ii,,<n+r.a+ir^Ytc! Hft<3oribin2 in every detail the construction, 

A work of 552 pages and 672 lUustmtion , ^ machine tools. Includes chapters 

operation, and taps, and dies; the lathe 

on flhng, fitting, and tools* milling machines and cutters; gear 

and its tools; planer, sha^eg^ a^ L ^ S grinding, machines and 

cutters and gear cutting , arimn« i^elting, and transmission machinery ; 

6^ iUustrations. Price $8.00 

SHOP PRACTICE FOR HOME MECHANICS. By Raymond Feancis Yates. 

A thoroughly practical and hel^M ^eatment prgared esgemaU^^^ 
had little or ,^o experience Sflnechanical scienfe. This is foUowed 

mentary explan^mn of the tuna mechanical measuring instruments, 

by several chapters oa the use ot sm^ a ^ ^ ^ directions given 

Elementary and more advanced lath^^ shop SpiSces. Drilling and reaming 
for the construction of a n^ber of ^e ui pattern making, grinding, and 

heat treatment of tool steel yeciallathe^o^^ volume. The 

grinding operations, ^ome to^dry wo , who use tools or to those who wish 

book omits nottog wiU be of engravings (over. 300) add 

t?eSoSly Z%ul l^i^'UtteralTto the value of the volume as a yi^a mstmctor 
Octevo; 320 pages. 309 engraymgs. 
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THE WHOLE FIELD OF MECHANICAL MOVEMENTS 
COVERED BY MR. HISCOX’S TWO BOOKS 


We publish two books by Gardner D. Hiscox that will keep you from ‘ 'inventing' things 
that have been done before, and suggest ways of doing things that you have not thought iij 
before. Many a man spends time, and mn^eu. pondering over some niechuniral problem, 
only to learn,' after he has s dred the nrobU:'--. f-a: the same thing figs been accomplished 
and put in practice by others mg To.] - end money spent in an effort to accom- 

plish what has already been acr o/Ofhsbi d are ir-u- n^d noneu fJJST. The whole field 
of mechanics, every known mechanica' roo! p^artiea'lii every device is covered 

by these two books. If the thing -p.-a war- ieis h- vn lro:>o-d, ‘‘ is illustrated in them. If 
it hasn't been invented, then you'll find in them the nearest things Ig what you want, some 
movements or devices that will apply in your case, perhnns: or which will give you a key 
from which to work. No book or set of books ever p-.bhsiird Is inore real value to the 
Inventor, Draftsman, or practical Mechanic than the two iid ir.cs described below. 

MECHANICAL MOVEMENTS, POWERS, AND DEVICES. By Gardner D. 
Hiscox, 

This is a collection of 1,890 engravings of different mechanical motions and appliances, 
accompanied by appropriate text, making it a book of great vfilue to th<3 invtintor, 
the draftsman, and to all readers with mechanical tastes. Thit'. i)Ook is divided into, 
eighteen sections or chapters, in which the subject-matter is classified under the follow- 
ing heads: Mechanical Powers; Transmission of Power; Measurement of l\)wer 
Steam Power; Air Power Appliances; Electric Power and Construction: Navigation 
and Roads; Gearing; Motion and Devices; Controlling ISJotion; Horological; 
Mining; Mill and Factory Appliances; Construction and Deviccis: Drafting Devices; 
Miscellaneous Devices, etc. 17th edition enlarged. 409 octavo pages. Price . $4.00 

MECHANICAL APPLIANCES, MECHANICAL MOVEMENTS AND NOVEL- 
TIES OF CONSTRUCTION. By Gardner D. Hiscox. 

This is a supplementary volume to the one upon Mechanical Arc)\aun(‘nts. Unlike tilu'. 
first volume, which is more elementary in character, this volunu.'! contains illustrations 
and descriptions of many combinations of motions and of irujclianical devices and 
appliances found in different lines of machinery, each device being shown by a lino 
drawing with a description showing its working parts and th(^ uufthod of oi)eration- 
From the multitude of devices described and illustrated mig;lit be mentioiu'd, in 
passing, such items as conveyors and elevators, Prony brakes, tlKUTUometors, various 
types of boilers, solar engines, oil-fuel burners, condensers, evaporators, Corliss and 
other valve gears,, governors, gas engines, water motors of variou.s descriptions, air- 
ships, motors and dynamos, automobile and motor bicycles, railway lock signals, 
car couplers, link and gear motions, ball bearings, breech block mechanism for heavy 
guns, and a large accumulation of others of equal importance. 1,000 specially made 
engravings 412 octavo pages. 5th Edition enlarged. Price . , , , * $4.00 

SHOP KNKS. By Robert Grimshaw. 

A book of 417 pages and 261 illustrations, being entirely different from any other 
book on machine-shop practice. Departing from conventional stylo, the author 
avoids universal or common shop usage and limits his work to showing special ways 
of doing things better, more cheaply and more rapidly than usual. As a result the 
advanced methods of representative establishments of the world are placed at the 
disposal of the reader. This book shows the proprietor where large savings are possible, 
and how products may be improved. To the employee it holds out suggestions that, 
properly applied, will hasten his advancement. No shop can afford to lie without it. 
It bristles with valuable wrinkles and helpful suggestions. It will benefit all, from 
apprentice to proprietor. 6th edition. Price $3.00 

THREADS AND THREAD-CUTTING. By Colvin and Stabbl. 

This clears up many of the mysteries of thread-cutting, such as double and triple 
threads, internal threads, catching threads, use of hobs, etc. Contains a lot of us^l 
hints and several tables. 4th edition. Price 35 cents 
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MACHINE-SHOP ARITHMETIC. By Colvin-Chenut. 

This is an arithmetic of the things you have to do with daily. It tells you plainly 
about: how to find areas in figures; how to find surface or volume of balls or spheres; 
handy ways for calculating; about compound gearing; cutting screw threads on any 
lathe; drilling for taps; speeds of drills; taps, emery wheels, grindstones, milhng 
cutters, etc. : all about the Metric system with conversion tables; properties of metals; 
strength of bolts and nuts; decimal equivalent of an inch. All sorts of machine-shop 
figuring and 1,001 other things, any one of which ought to be worth more than 
the price of this book to you, and it saves you the trouble of bothering the boss. Sth 
edition. 144 pages. Price 75cents 


MODEL MAKING 


MODEL MAKING Including Workshop Practice, Design and Construction of 
Models. Edited by Raymond F. Yates. Editor of “Everyday Engineering 
Magazine.^ ^ 

This book will help you to become a better mechanic. It is full of suggestions for those 
who Klee to make things, amateur and professional alike. It has been prepared es- 
pecially for men with mechanical hobbies. Some may be engineers, macmnists, jew- 
elers, pattern makers, office clerks or bank presidents. IMen from various walks of 
fife have a pecuKar interest in model engir.eenufr. Model Making will be a help and 
an inspiration to such men. It teUs rc.oci •• .iow-iiMlo” and “how-to-make 
in simple, understandable terms. Not only this, it is fi:ll gorM. 
drawings and photographs of the models and apparatus r.c.c : .noaei ms 

been constructed and actually works if it is made acconutig •u-im*; .o;;-. secona 
revised and enlarged^edition. 428 pages. 337 Klustrations. Price . . . g>o.uu 


SHIP MODEL MAKING 

The only published books that meet the large dcniand for 

ship models. They are a new departure in this class of iooks- uinj so artisticaUy puo 
lished they are a pleasure to have, to read and to work with. 

HOW TO M&TTE WORTH-WHILE MODELS OF DECORATIVE SHIPS. 

By Captain E. Abmitaqb McCann. 

A practical and timely book tells how any handy person ^^n ^ke m^dek 

of a picturesque Barbary Pirate Felucca and a Be^iful * 

with a few simple tools and almost without expense. .fives ^Ml- 

world’s leading authorities on ship models, in Ship Model xiw 

sized drawings of every part required. This book describes how to make thmn, wh^ 

material to me, how to fasten together and color them, to 

rig the ships. One does not need to know ships ^ 

scribes everything in detail, yet one w use one s ^wn mgenmtj and^ 

make them larger or smaUer than the scale given. Profuselj iiiustratea, scaie m-aw 

ings, colored frontispiece. Price 

HOW TO MARE A MODEL OF THE U. S. FRIGATE “CONSTITUTION.” 

By Captain E. Armitage McCann. 

d^crintio^S ewryttog XdffltetritfoS^m 

nrodd, tSded by ftU sized plans Md more ton building 

to finish. Fully lUustrated. Colored frontispiece, race 
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HOW TO MA TTK A CLIPPER SHIP. By Captain E. Armitage McCann. 

This practical and timely book tells how any handy perscm can make a model of toe 
American Clipper Ship '"Sovereign of the Seas —Donald McKay s ^ost beautiful 
vessel. The author, with ample descriptions, illustrations 

every part, tells how, with a few tools, anyone can make a simplined model, which, 
while retaining the general appearance, eliminates much work; he also gives all the 
details for those who desire them. The entire 

from start to finish. Either simplified or with complete details. Profusely illusuatem 
scale drawings, colored frontispiece. Price 


MANUAL TRAINING 


ECONOMICS OF MANITAL TRAINING. By Louis Rouillion. 

The only book published that gives just the information needed by ah interested in 
IManual Training, regarding Buildings, Equipment, and Supplies. Shows exactly 
what is needed for all grades of the work from the Kindergarten to the High and 
Normal School. Gives itemized lists of everything used in Manual Training Work 
and tells just what it ought to cost. Also shows where to buy supplies, etc. GmitaiM 
174 pages, and is fully illustrated. 2d edition. Price $2.00 


MINING 


PROSPECTOR’S FIELD-BOOK AND GUIDE. By H. S. Osborn. 

Ninth edition, revised and enlarged by M. W. von Bernewitz. The last edition of 
this volume was published in 1910. It and the previous seven editions wore suitable 
for those times. The new ninth edition will be found suitable for the present time. 
While the old-time prospector will always be an important factor, the knowledge of 
and search for the common and rarer minerals is bringing out men who are trained to 
some degree. In the field they need a handy and suggestive pocket-book containing 
hints on prospecting — where to search and how to test— couched in simiile terms. ;364 
pages. 57 illustrations. Price $3.00 


MOTORCYCLES 


MOTORCYCLES AND SIDE CARS, THEIR CONSTRUCTION, MANAGE- 
MENT AND REPAIR. By Victor W. Page, M.E. 

This treatise outlines fully toe operation of two- and four-cycle power plants and all 
ignition, carburetion and lubrication systems in detail. Describes all representative 
types of free en^e clutches, variable speed gears and power transmission systems. 
Gives complete instructions for operating and repairing all types. C^onsiders fully 
electric self-starting and lighting systems, all types of spilng frames and spring forks 
and shows leading control methods. For those desiring technical information a 
complete series of tables and many formulae to assist in designing included. 
The work tells how to figure power needed to climb grades, overcome air resistance 
and attain high speeds. It shows how to select gear ratios for various weights and 
powers, how to figure braking efiBciency required, gives sizes of belts and chains to 
transmit power safely, and shows how to design sprockets, belt pulleys, etc. This 
work also includes complete formulae for figuring horse-power, shows how dyna- 
mometer tests are made, defines relative efficiency of air- and water-cooled engines, plain 
and anti-Mction bearings and many other data of a practical, helpful, engineering 
nature. 2nd Edition. 693 pages. 371 specially made illustrations. Cloth. Price 

$2.60 

WHAT IS SAID OP THIS BOOK: 

“ Here is a book that should be in the cycle repairer^s kit .*’ — American Blacksmith. 

any rider to thoroughly understand his machine, is to get a copy 
of this book; it is worth many times its price ." — Pacific Motorcyclist. 
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MOTOR BOATS 


MOTOR BOATS AND BOAT MOTORS. By Victob W. PAGi and A. C. Leitch. 

All who are interested in motor boats, either as owners, builders or repairmen, will 
find this latest work a most comprehensive treatise on the design, construction, opera- 
tion and repair of motor boats and their power plants. It is really two complete 
books in one cover as it consists of two parts, each complete in itself. Part One deals 
with The Hull and Its Fittings, Part Two considers The Power Plant and Its 
Auxiliaries. A valuable feature of this book is the complete set of dimensioned 
working drawings detailing the construction of five different types of boats ranging 
from a 16-foot shallow draft, tunnel stem general utility craft to a 25-foot cabin 
cruiser. These plans are by A. C. Leitch, a practical boat builder and expert naval 
architect, and are complete in every particular. Pull instmctions are given for the 
selection of a power plant and its installation in the huU. Valuable advice is included 
on boat and engine operation and latest designs of motors are described and illustrated. 
The instructions for overhauling boat and engine are worth many times the small 
cost of the book. It is a comprehensive work of reference for all interested in motor 
boating in any of its phases. Octavo. Cloth. 372 illustrations. 524 pages. 
Price T , . $4.00 


PATTERN MAKING 


PRACTICAL PATTERN MAKING. By F. W. Barrows. 

This book, now in its third edition, is a comprehensive and entirely practical treatise 
on the subject of pattern making, Ulustrating pattern work m both wood and metal, 
and with definite instructions on the use of plaster of Pans m the trade. It ^ves 
specific and detailed descriptions of the materials used by pattern makem and de- 
scribes the tools, both those for the bench and the more interesting ^chme tools; 
having complete chapters on the Lathe, the Circul^ Saw, and the Band Saw. It gives 
many examples of pattern work, each one My illustrated and ei^lamedw^ mu^ 
.detail. These examples, in their great yanety, offer much that wiU be fomd of 
interest to all pattern makers, and especially to the ypunger ones, who are seeking 

information on the more advanced branches of their trade. ^ 

In this second edition of the work wiH be found much that is ^^fse who 

have long practiced this exacting trade. In the description of patten^ as adapted 
to the Moulding Machine many difficulties which have long prevent^ mpid ^d 
economical oroduction of castings are overcome; and tins great, new branch of the 
trade is given much space. Stripping plate and stool plate work and the less expen- 


^th^^raffie’t^ inform^ion showing^ what the pattern is, 

of production material of which it is made, the number of pieces ^d 
boxes and its location in the pattern safe, all condensed mto a most complete card 

original and practical method for the inventory and valua^ 
Mon of P^rttems. TMM BStion. Containing nearly 355 pages and 169 lustra- 
tions. Price * ■ 


PERFUMERY 

i?ERFUMES AND COSMETICS, THEIR PREPARATION AND MANUFAC- 
TURE. By G. W. Askinson, Perfumer. ^ . ... v 

prepSSfs fofaf^l of to moi^ae 

Other toilet articles are including a chapter on synthetic 

nature, tests of puntv, and ^l^ol^e eneralT^ weU ai professional in- 
products, with drueeist and perfume manufacturer, but 

Price $6.00 
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PLUMBING 

MECHANICAL DRAWING FOR PLUMBERS. By R. M. Staebuck. 

A concise, comprehensive and practical treatise on the subject of mechanical drawinv 
modern applications to the work of all who are in any way connected 
with the plumbmg trade. Nothing will so help the plumber in estimating aM in 
explammg work to customers and workmen as a knowledge of drawing, and to the 
wortoan it is 9f inestimable value if he is to rise above his position to positions of 
peater responsibihty. Among the chapters contained are: 1. Value to plumber of 
loiowledge of drawng; tools required and their use; common views needed in mechan- 
ical dra^ving. 2. Perspective versus mechanical drawing in showing plum bin«r con 
section. 3. Correct and incorrect methods in plumbing drawing ; plan and elevation 
expired. 4. Floor and cellar plans and elevation; scale drawings; use of triangles 
triangles; drawing of fittings, traps, etc. 6. Drawing plumbing elevations 
and fittmgs. 7. Instmctions m drawing plumbing elevations- S. The drawing of 
scale drawmgs. 9. Drawings of fixtures and fittings. 10 Inking 
drawings. 12. Shading of drawings.^ 13 Sectional 
drawmg of threads 14. Plumbing elevations from architect’s plan. 15 Elt 
separate parts of the plumbing system. 16. Elevations from the architect’s 
plans. 1/ , Drawings of detail plumbing connections. 18. Architect’s plans rmrl TUnmV 
SS on elevations of residence (continued) ; plumb- 

elevations; roof connections. 21. Plans and 
plumbiUo ele\ ations for six-flat bmlding. 22. Drawing of various parts of ninmn 
ing^'stem: use of scales. 23.. Use of architect's TSIs ™ Speaffieatu?«'in 
^ustratious of co^try plumbiiig. 25. Drawing of wrought-iron piping vaivos r'^dPi 
-K Drawing of piping to llliistrate heating systeS^’ 'Dr vf 
mgs for Plumbers E.^ammations. 123 pages. 160 illustrations. Sice ' ^ 00 

ILLUSTRATED. By R. M. Staebtjck. 

Tins book represents the highest standard of plumbing work It has boon 
^brPorto^pfof United States Government, in its tanitl?y woScIn 

uSlMtates^ind of Heaftoof the 

down water closets, water closets onerated’bv finish l^w- 


dry ^te,^liiis of safe wartes, fain- 

water closets; connections for S traps venting* frost-proof 

co^ections; supporting of soU pipe^ ml^ frap aM fresWi? solfpipe 

cellar drains, subsoU drainage: drains and 

connections for bath rooms * conn^HnTi«fn?Ko^?;^ connections; local venting; 
bath rooms, con™?^inS>^ to connections fSr 

practice; roughing work readv for test' ^.•ti'^Eued, examples of poor 

itouous venting; continuous venting for two’Soor system; method of con- 

toes of fixtures on three oFi^re Mom^tStoSoL vl^Vw^r ^ venting for two 

mg for cottage house; construction closets; plumb- 

siieraal fittings; plumbing for two-^t hoSe^lumwSi t^Wence, use of 

1^ for double apartmS^ SSgTplutobtog^Kfflfe MWing. plumb- 

tofiet rooms; plumbing for pubUc tSlet rooli co,Sfn,,S?r6S^’ for Public 
listoent: plumbihg fSr en&ie h^e 

schools, factories, etc * use of fliKshinn^ Pf^^cing, automatic flushing for 

Durh^ system, the tetmctiL^^^^^ ^ Public toilet vo^i; the 

of lead; automatic sewage lift* automatTr ^°P®*£fiCtion of work without 

SfAPi S^?^ii®P«c taafS'SS^ “^l-ZPi^^WMlconstrucr 


fuU-page engraving Kfthf^^^d^d ^ 42 d 
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STANDAIID PRACTICAL PLUMBING. By R. M. Stabbtjck. 

A complete practical treatise of 450 pages covering the subject of IVIodern Plumbing 
in all its branches, a large amount of space being devoted to a very complete and 
practical treatment of the subject of Hot Water Supply and Circulation and Kange 
Boiler Work. Its thirty chapters include about every phase of the subject one can 
think of, maldng it an indispensable work to the master plumber, the journeyman 
plumber, and the apprentice plumber, containing chapters on: the pluniber s tools; 
wiping solder; composition and use; joint wiping; lead work; traps: siphon^e of 
traps; venting; continuous venting; house sewer and sewer connections: house drain; 
soil piping, roughing; main trap and fresh air inlet; floor, yard, cellar drams, ram 
leaders, etc.; fixture wastes; water closets; ventilation; improved plumbing connec- 
tions; residence plumbing; plumbing for hotels, schools, factories, stables, etc.; 

" — hot and cold 

s; hot 
, water 

boilers; heating of radiation by supply system; theory for the plumber; drawing for 
the plumber. Eighth revised and enlarged edition. 444 pages. lullj illugmted 
by 364 engravings. Price 


RADIO BOOKS 


THE A B C OF VACUUM TUBES USED IN RADIO RECEPTION. 

Lewis. 


Bv E. H. 


This is the 
vacuum tube 


book for the person who wishes to know what goes on in the inside of a 
36 when it Is used in r. radio receiving circuit. It is especidlly \ aluable 
to ttie person who knows ro: I'.irii: aix.'Ui. and ve^ httje i. any^ about ele(> 
tricity. No previous u-crnical Know.cda-.' is ^ 

is also of great value to ir.e cNpi'-M-ricircr who is just taLm^ up the lascmatmo smaj 
of vacuum tube operation. u 

Starting with an explanation of elementary electrical terms and list of symbols the 
of varioSs vacuum tubes as det^tors and amplifi^ is explained st^ by 


tomi’re used ^^thoit being first e.vplained. 

48 illustrations. Price 


o 

132 pages. 
76 cents 

lxCIIonstrxjction of a modern sxjper-heterodyi^ t’^e receiver 

INCLUDING TESTING AJTO OPERATION. By a Staff of Radio Engineers 
— ^JoHN E. Anderson, Arthur C. C. Mills and Elmer H. Lstvib. 

This booklet with the sSpe^Hlter.^}-^ wwSIs 

tion on the complete and at the same time insures excellent 

extremely sensitive, selective and nOT-ram^^g aSah^y loud speaker. Very complete 

quaUty of reproduction when the circuit as weU as the complete receiver 

information on the testmg of aU parts or une g complete. Directions 

are given. The directions for the receiver to accommodate dry cell 

are ii^cluded for slightly altering ^e -w^o^of^^^ storage batteries. The desim 
S£.'%e“edlrVute^^^^^^^ l^P instead of an open antenna in accordanc|^^^th 
the instructions given. Price 

WIRELESS TELEGRAPHY AND TELEPHONY SIMPLY EXPLAINEp. By 

Alfred P. Morgan. 

“Hr 


te: 
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EXPERIMENTAL WIRELESS STATIONS. By P. E. Edelman. 

The theory, design, construction and operation is fully treated including Wireless 
Telephony, Vacuum Tube, and quenched spark systems. The new enlarged edition 
is just issued and is strictly up to date, correct and complete. This book tells 
how to make apparatus to not only hear all telephoned and telegraphed radio mes- 
sages, but also how to make simple equipment that works for transmission over rea- 
sonably long distances. Then there is a host of new information included. The 
first and only book to give you all the recent important radio improvements, some 
of which have never before been published. This volume anticipates every need of 
the reader who wants the gist of the art, its principles, simplified calculations, appara- 
tus dimensions, and understandable directions for efficient operation. 

Vacuum tube circuits; amplifiers; long-distance sets; loop, coil, and underground 
receivers: tables of wave-lengths, capacity, inductance; such are a few of the sub- 
jects presented in detail that satisfies. It is independent and one of the few that 
describe all modern systems. 

Endorsed by foremost instructors for its clear accuracy, preferred by leading amateurs 
for Its dependable designs. The new experimental Wireless Stations is sure 
to be i^st satisfactory for your purposes. 27 chapters, 392 pages. 167 illustra- 
tions. Price $2.00 


HENLEY’S 222 RADIO CIRCUIT DESIGNS. By John E. Andeeson, Aethue 
C. C. Mills and Elmer H. Lewis. 


An entirely new and thoroughly practical book on radio circuit designs which will 
meed' cue necas of every radio enthusiast, whether novice or expert, amateur or pro- 
ie.ssional. Ic is replete with correct and trustworthy radio information from which 
any one can successfully build and operate any of the circuits given. Contains the 
largest collection of radio circuits and hook ups ever published and includes all the 
standard types and latest developments. 

Tins new book treats the subj'ect in an entirely different and novel way, as it is the 
only book that illustrates the complete electrical design of the circuits, showing the 
electrical values of inductances, capacities and resistances, with the name of each 
element on the diagram of the circuit. 


The book explains in simple words the principles of operation of every circuit described 
and the functions of all of the component pieces of apparatus — but carefully avoids 
needless theory. It is so simple that the novice will understand it; so thorough that 
he can bmld successfully any circuit it contains without any other assistance* so 
suggestive of new circuit arrangements that the most insatiable experimenter will 
find It an me.xha^tible source of circuits; so comprehensive that the most advanced 
find inspiration in its pages; so complete and conveniently arranged 
that the expert radio engineer wiU find it an invaluable and handy reference volume- 
so thoroughly mdexed that the reader can find at once just the circuit information 
he IS seetog. It is a ventable fountain of authoritative radio information. It brings 
to the side of every experimenter the results of research in the largest industrial 
umversity , and government radio laboratories, and the expert knowledge of the 

^eatest ra<ho en^neers. It is the radio experimenter’s indispensable assistant 

his inseparable laboratory companion. 

In addition it contains a Hst of all symbols and a glossary of all technical terms used 
in the book; a revised and up-to-date list of all the important broadcasting stations 
m the IJmted States and Canada, together with their operating wave l^ths^or 
frequencies. 2/1 pages. 284 diagrams. Price ^$1.00 


HENLEY’S WOIUKABLE RADIO RECEIVERS. By a Staff of Radio Engi- 
neers— John E. Andeeson, Aethtjb C. C. Mills and Elmer H. Lewis. 


An authpntative book on practical receiving sets of modern design with complete 
exphcit directions for building ttiem. This new book contains con«)Iete descrSfions 
of many t^es of receivers, wMch, by long experience have proved to be the most sat- 
Kfactory from the vie;^olnts of selectivity. senslMylty. Wvenlen<» ^d Monomy 
of operation, dependability, and Quality of reproduction. It gives in greatest detail 
Qrcuit and wuang diagram^ panel and baseboard layouts and drilling templates so 
that auteur may b^d a successful receiver from the directions glvm^ It also 
includes a disci^ion on the principles underlying each circuit, and shows clrariy how 
to t^t and calibrate the receivers. 196 pages with 116 spebiaUy made eSviS^ 

$ 1.00 
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SPECIAL TWENTY-FIVE CENTS RADIO BOOKS 

These inexpensive hooks contain a wealth of essential Radio informa- 
tion, They answer thousands of questions about the art and science 
of Radio Telegraphy and Telephony, in language so simple that the 
most inexperienced novice and amateur can easily understand. 

Every branch of the art is thoroughly and systematically covered, 
detailed information being given. Experimenters will find in them a 
storehouse of ideas and helpful hints. 


DESIGN DATA FOR RADIO TRANSMITTERS AND RECEIVERS. By 

Milton B. Sleeper. 

Par from being a collection of formulas, Design Data takes up in proper sequence the 
problems encountered in planning all types of receiving sets for short, medium and 
long wave work, and spark coil, transformer and vacuum tube transmitters operating 
on 200 meters. Tables have been worked out so that values can be found without 
the use of mathematics. Radio experimenters will find here information which will 
enable them to have the most modern and efficient equipment. Price . S5 cents 

HOW TO MAKE COMMERCIAL TYPE RADIO APPARATUS. By M, B. 

Sleeper. 

This book describes in detail many commercial types of spark and vacuum tube tele- 
phone transmitting and telegraph and phone receiving equipment of all kinds. The 
experimenter will be able to get a world of ideas for the construction of his next piece 
of radio equipment from the very clear descriptions and the 96 clearly illustrated 
figures. 159 pages. Price 25 cents 


IDEAS FOR THE RADIO EXPERIMENTER’S LABORATORY. By M. B. 

Sleeper. 

This book is indispensable to the radio experimenter who desires to get maximum 
information and enjoyment out of his experiments. It fully describes such laboratory 
essentials as oscillators, wave-meters, vacuum tube characteristics, measuring circuits, 
and many others. It describes the construction and explains the advantages of vari- 
ous coils, and shows how their inductions may be calculated. 134 pages. 60 illus- 
trations. Price 25 cents 


RADIO EXPERIMENTER’S HAND BOOK. By M. B. Sleeper. 

In these days when the Radio Set is almost as necessary in the home as the Phono- 
graph, there has been a great need of a book which tells in concise way the “Why” 
of Radio — What makes it work. How to build simple transmitters and receivers. 
Answers the practical questions of the novice, the beginner and the advanced student. 
Gives detailed descriptions of many types of receiving circuits including the crystal, 
audion, regenerative, also amplifiers and oscillators. It is a handy reference book 
and no up-to-date radio library is complete without a copy. 143 pages. 16 chapters. 
S2 engravings. Price 25 cents 


RADIO HOOK-UPS. By Mhlton B. Sleeper. 

In this book the best circuits for different instruments and various purposes have been 
carefully selected and grouped together. All the best circuits for damped and un- 
damped wave receiving sets, buzzer, spark coil and transformer sending equipment, as 
well as vacuum tube telegraph and telephone transmitters, wavemeters, vacuum tube 
measuring instruments, audibility meters, etc., are shown in this book. . 25 cents 
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RECIPE BOOK 


HENLEY’S TWENTIETH CENTURY BOOK OF RECIPES, FORMULAS AND 
PROCESSES. Edited by Gardner D. Hiscox. 

The most valuable Techno-chemical Formula' Book published, including over 10,000 
selected scientific, chemical, technological, and practical recipes and processes 
Thif is the most complete Book of Formulas ever published, giving thousands of 
recipes for the manufacture of valuable articles for everyday use. Hints, Helps, 
Practical Ideas and Secr(?n Processes are revealed within its pages. It covers every 
branch of the useful arts and tells thousands of ways of making money, and is just the 
book everyone should have at his command. , « -j. i i 

Alodem it« treatment of every subject that properly falls within its scope, the book 
mav I’-mM-Liliv <vod lo present the very latest formulas to be found m the arts and 
industries; and to retain those processes which long experience has proven worthy of a 
permanent record. To present here even a limited number of the subjects which find 
a place in this valuable work would be difficult. Suffice to say that in its pages will 
be found matter of intense interest and immeasurably practical value to the scientific 
amateur and to him who wishes to obtain a knowledge of the many processes used in 
the arts trades mn^ufactiire. a Imowledge which will render his pursuits more 
instructive and •■'■.■•uoie-;*! ivv;. Sr"viMu: as a reference book to the small and largo 
manufacturer and supplying intelligem; seekers with the information necessary to 
conduct a process, the work will be foimd of inestimable worth to the Metallurgist, the 
Phoma^sphp’" the Perfumer, t-fie Painter, the Manufacturer of Glue.s, Pastes, Cement.s, 
A ! ;he ( 'om:)ou:uier of VUoys, the Cook, th(^ Physician, the Druggist, the 

111- e: :i, : i'(* Brewf*. tin' lO’-trineer. the Foundry man, tin'. Machinist, tlio Potter, tlio 

Tar.'jv.". iiie Cos-fectioner, the Chiropodist, the Manioiii-e, the* M, arm fact urcr of Chein- 
iejii Novt.-l:h‘s and Toilet Preparations, the Dyer, the FleetroTilater, tlu^ Fnamolcr, the 
! \ : >i-,‘ I ’ro\nsioner. the Glass Worker, the Goldbeater, the Watchmaker, the 

V’v- [Maker, the Ink Manufacturer, the Optician, the Farmer, the Dairy- 
man. fiaptT- .Maker, the Wood and Metal Worker, the Chandler and fcJoap Maker, 
the Veterinary' Surgeon, and the Technologist in general. 

A mine of information, and up-to-date in every respect. A book which will prove of 
value to EVERYONE, as it covers every branch of the Useful Arts. Every home 
needs ihis book; every office, every factory, every store, every public and private en- 
terprise — EVERYWHERE — should have a copy. New edition recently published 
to which has been added an illustrated chapter on Useful Workshop and Laboratory 

Methods. S07 pages. Cloth Bound. Price $4.00 

Red Fabrakoid Binding. Price 6.00 


WHAT IS SAID OP THIS BOOK: 

“Your Twentieth Century Book of Recipes, Formulas, and Processes duly received. 
I am glad to have a copy of it, and if I could not replace it, money couldn’t buy it. It 
is the best thing of the sort I ever saw.” (Signed) M. E. Trux, Sparta, Wis. 
“There are few persons who would not be able to find in the book some single formula 
that would repay several times the cost of the book.” — Merchants' Eecord and Show 
Window. 

“ I purchased your book ‘ Henley’s Twentieth Century Book of Recipes, Formulas and 
Processes' about a year ago and it is worth its weight in gold” — Wm. H. Murray. 
Bennington, Vt. 


'* THE BOOK WORTH THREE HUNDRED DOLLARS ” 

“On close examination of your ‘Twentieth Century Receipt Book,’ I find it to be a 
very valuable and useful book with the very best of practical information obtainable. 
The price of the book, $4.00, is very small in comparison to the benefits which one can 
obtain from it. I consider the book worth fully three hundred dollars to anyone.” 
— Dr. a. C. Spetts, New York. 


“ONE OF THE WORLD’S MOST USEFUL BOOKS” 

“Some tirne ago, I got one of your ‘ Twentieth Century Books of Formulas* and have 
made my living from it ever since. I am alone since my husband’s death with two 
small children to care for and am trying so hard to support them. I have customers 
who take from me Toilet Articles I put up, following directions given in the book, 
and I have found every one of them to be fine.” — Mrs. J. H. McMaken, West Toledo, 
Ohio. 
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MKTAI WORKICR-S HANDY-HOOK OF RECEIPTS AND PROCESSES 

j » \ \\ n i J \ 1 . j »j{ \ \ j>. 

..HHv" nI u Jrom vadoiis 


..... .... I n < v.1,1 rauiitRi irorn viutous 

,, ,, ' < oniiurunit lunv <*h;t{)|,(‘r.s on wi'ldiri"' irrirl Y*iif 


‘‘‘►'"iv .mm! do r.. .(uir.. <’Iuth. OS'J pn^cvs, .s;> iiliist ral ions, j/rico . 


$3.00 


TKC'HNO ('HKMK'AL RECEIPT BOOK. Hy William T 

U 11 1 I \ M If. W \1IL. 


Brannt and 


n', lilial, everyone may 
uoiL tn f I. at .MUaninno. Ii i.-. tMU\v<‘lop«‘<in- m r;t,nj?(% .vnt/jnvos only Uio bast; formulas 
V <‘!*f‘«’inion. aiul ilionnif^li U‘.st,K by compoUmt men j;?uarantco 

In n ton lUMc ninru . I In-ri' js sonn^Mnn^? h(‘ro for all for (-he manufa-cturer interesfcod 

I ./I n. V i o ' I VV* ) h'" ^<'''» I : t<»* l lio confi*(!(,i<)mn‘ lookinj^ for attractive 

•j'“**‘'**' 'V' annoyeil by boiler enernstalions for the painter and 

det’oi'.Unr v\j -hup*; (o improve hi.s proees-si^s and ineOiods for tlie woman who would 
re dorr ;i b ather or elean a, pair of gloves. 


j he art :, the mdu-arles ami Ihe household may each iirollt hv the world-wide expe- 
rienet (baf ne; been eondinstMl btMwtam two covers of l-liis vadiime. Kornnilas the 
nnr.i .hreuii and pt‘r;.i.‘den( invest igalors lm,ve somthnnes discovered and perfected 
only alti'!' yi ar . ol I'vpenmenia-tion arv. hiTe, (‘.\actly set (iown. The library or the 
la i tora ( or.v , (tie taetor.v or Ihe hotm^ is not complete witliout this handy and useful 
nderema- \4t|uine. hid pages. VS illusl-rjitions. Price ' . $2.50 


SO AP MAKING 


AMERICAN SOAP MAKERS’ GUIDE. By i>. B. Mkbrbott. 

Stitt/) tint! t 'hvfiiiva! Muttiilariunr anti Chemisi; Former Instructor of Industrial 
(Vtemtsttl/ nntl J. V. S’i’anlkv S'r\.visi,.vi:s. Chemical Enoinerr; /l.v,sv.>czVz^<? Professor, 
llriHilti/n i'oiteio' of l^hnnnacfi; Author of Stanislaus' and Kimberley's Short Pharma- 
truhe Chtnitstm; Former Prrsitlrnl Philadelj/liia Branch American Pharmaceutical 
Aastn iution; \limiber Seienlijle Soeietles, etc. 

An up (o iIm- iniiuiie |.r(*aMse on tlie art and stdcnco of the manufacture of soap, 
ejunib”. am! alheil toilet, pn^paratlons. This is the most complete and exhaustive 
boob in tin’ I'aigli’-.fi languag<\ 'Phe rirevlous editions by Willaim T. Brannt, on 
which flii'. \olnim- in partly hastMl, wtifo widely in demand by the trade, which testi- 
lh*N (hat they olfered information of distirntt practhjal value. The pre.sent, third, 
etlilion has been thoroughly nwist'd, enlarged, entirely reset and brought to date by 
the addition of many nmv eliapters. all Of which are of paramount importance to the 
.soap Industry of this <*onnl.rv wliich has steadily grown in the past five decades — 
which is tlu'* history of this book to a position of dignity duo its steady and pro- 
gressive dtnelopinent. AnuM-iea having ri.sen to all-important and enviable posi- 
llon of being (lie largest, soap-exporting nation in the world, the progress made in the 
soap imlmhi'v has imen pluMionienal. The now edition contains every modern practice 
in t ile (i4-\«‘lbpmi‘ni of tin* imlusiry. The physical and chemical constants of oil and 
fats have changed, and (iu* mwv (edition contains a complete list with modern calcula- 
tions for \ ield. cic. MMie r(H*overy of glycerin, use of fatty acids, special soaps for 
t'xaet.ing pnrpoHi'S. especially httiKl for textile uses are in great demand. All these 
HUbfeet w are fullv tn^a-ted In the new edition. An entirely new chapter on the manu- 
facd are of eamll<‘H has bixm added, while the use of synthetics in the perfuming of soaps 
Is futlv treat, e<l. 'Phis Is th<^ most important and thoroughly umto-date book ever 
pul>!ishrd on this important subject. 800 pages. 6 x 9 inches. Cloth binding. 105 
illuNinitions. IMce $10.00 
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RUBBER 


RUBBER HAND STAMPS— MANIPULATION OF INDIA RUBBER AND 
THE PREPARATION OF RUBBERIZED FABRICS. By T. O’C'ONNOE 
Sloane. 

This book gives full details on all points, treating in a concise and simiile manner thci 
elements of nearly everything it is necessary to understand for a coiniuencement in 
any branch of the Inda Rubber Manufacture. The making of all kinds of .RiUdier 
Hand Stamps, Small Articles of India Rubber, U. S. Government Composition, Dating 
Hand Stamps, the Manipulation of Sheet Rubber, Toy Balloons, India Ridiber Solu- 
tions. Cements, Blackings, Renovating Varnish, and Treatment for India Rublxir 
Shoes, etc.; the Hecktograph Stamp Inks, Rubberized kalirics, linin Calais, Rul.)ber 
Glove Making, Fire and Garden Hose Manufacture, IMi.seellaneous NoU^s, witii a Short 
Account of the Discovery, Collection and Manufacture of India Knbb(‘r. ai‘t^ set/ forth 
in a manner designed to be readily understood, the explanation.s iieiiig plain and siiniile. 
Including a chapter on Rubber Tire Making and Vulcanizing; also a cliapter on the 
uses of rubber in Surgery and Dentistry. Fourth revised and enlarged edition. 
222 pages. Illustrated. Price . S2.0O 


SAWS 


SAW FILING AND MANAGEMENT OF SAWS. By Robert Giumsuaw. 
A practical hand-book on filing, gumming, swaging, hammering, and the brazing of 
band saws, the speed, work, and power to run circular saws, etc. A handy book for 
those who have charge of saws, or for those mechanics who do their own filing,' as it deals 
wim the proper shape and pitches of saw teeth of all kinds and gives many useful hints 
and rules for gu mmin g, setting, and filing, and is a practical aid to those who use saws 
for any purpose. Complete tables of proper shape, pitch, and saw teeth as well as 
sizes and u^b^ of tee^ of various saws are included. Fourth edition, revised and 
enlarged. Illustrated. Price $150 

SCREW CUTTING 

THREADS AND THREAD -CUTTING. By Colvin and Stable. 

This clears up many of the mysteries of tliread-cutting, such as double and iriido 
treads, mtemal threads, catching threads, use of hobs, etc. Contains a lot iisofid 
hmts and several tables. Fourth Edition. Price . . as cents 

STEAM ENGINEERING 

ENGINE RUNNER’S CATECHISM. By Robert Grimshaw. 

futures of yano^ special and well-known makes of engines* Temper Cut-off Shinnmiy 

Sgm^iS^eral^it if certificates of competency ; and to 
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AMERICAN STATIONARY ENGINEERING. By W. E. Crane. 

This book begins at the boiler room and takes in the whole power plant. A plain 
tallc on every-day work about engines, boilers, and their accessories. It is not intended 
to be scientific or mathematical. All formulas are in simple form so that anyone 
understanding plain arithmetic can readily understand any of them. The author 
has made this the most practical book in print; has given the result^ of his years of 
experience, and has included about all that has to do with an engine room or a power 
plant. You are not left to guess at a single point. You are shown clearly what to 
expect under the various conditions; how to secure the best results; w'ays of prevent- 
ing “shut downs” and repairs; in short, all that goes to make up the requirements 
of a good engineer, capable of taking charge of a plant. It’s plain enough for practical 
men and yet of value to those high in the profession. 

A partial list of contents is; The boiler room, cleaning boilers, firing, feeding; pumps, 
inspection and repair; chimneys, sizes and cost; piping; mason work; foundations; 
testing cement; pile driving; engines, slow and high speed; valves; valve setting; 
Corliss engines, setting valves, single and double eccentric; air pumps and condensers; 
different types of condensers; water needed; lining up; pounds; pins not square in 
crosshead or crank; engineers’ tools; pistons and piston rings; bearing metal; hard- 
ened copper; drip pipes from cylinder jackets; belts, how made, care of; oils; greases; 
testing lubricants; rules and tables, including steam tables; areas of segment; 
squares and square roots; cubes and cube root; areas and circumferences of circle. 
Notes on: Bi’ick work; explosions; pumps; pump valves; healers, economizers, 
safety valves; lap, lead, and clearance. Has a complete examination for a license, 
etc., etc. Third edition. 311 pages. 131 Illustrations. Price, . , , $S.50 

HORSE-POWER CHART. 

Shows the horse-power of any stationary engine without calculation. No matter what 
the cylinder diameter of stroke, the steam pressure of cut-off, the revolutions, or 
whether condensing or non-condensing, it’s all there. Easy to use, accurate, and 
saves time and calculations. Especially useful to engineers and designers. 50 cents 

STEAM ENGINEER'S ARITHMETIC. By Colvin-Chenet. 

A practical pocket-book for the steam engineer. Shows how to work the problems of 
the engine room and shows “why.” Tells how to figure horse-power of engines and 
boilers; area of boilers; has tables of areas and circumferences; steam tables; has a 
dictionary of engineering terms. Puts you on to all of the little kinks in figuring what- 
ever there is to figure around a power plant. Tells you about the heat unit; absolute 
zero: adiabatic expansion; duty of engines; factor of safety; and a thousand and one 
other things; and everything is plain and simple — not the hardest way to figure, but 
the easiest. Fourth Edition. 132 pages. Price 75 cents 

STEAM ENGINE TROUBLES. By H. Hamkens. 

It is safe to say that no book has ever been published which gives the practical en- 
gineer such valuable and comprehensive information on steam engine design and 
troubles. 

Not only does it describe the troubles the principal parts of steam engines are subject 
to; it contrasts good design with bad, points out the most suitable material for certain 
parts, and the most approved construction of the same; it gives directions for correct- 
ing existing evils by following which breakdowns and costly accidents can be avoided. 
Just look into the nature of the information this book gives on the following sub 
jects. There are descriptions of cylinders, valves, pistons, frames, pillow blocks ai 
other bearings, connecting rods, wristplates, dashpots, reachrods, valve gears, gov€ 
nors, piping, throttle and emergency valves, safety stops, fly-wheels, oilers, etc. 
there is any trouble with these parts, the book gives you the reasons and tells how 
remedy them. 

The principal considerations in the building of foundations are given with the s 
area and weight required for the same, also the setting of templets and lining up, i 
a complete account of the erection and '"breaking in'" of new engines in the langu 
of the man on the job. 

Contains special chapters on; I. Cylinders. II. Valves. III. Piping and Sepai 
tors. IV. Tlirottle and Emergency Valves. V. Pistons. VI. Frames. VII. Be£ 
ings. VIII. Connecting Rods. IX. Hookrods. X. Dashpots.^ XI. Governoi 
Xil. Releasing Gears. XIII. Wristplates and Valve Motions. XIV. Rodends ai 
Bonnets. XV. Oilers. XVI. Receivers. XVII. Foundations. XVIII. Erectioi 
XIX. Valve-Setting. XX. Operation. 2S4 pages. 276 illustrations. Price $2.5' 
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STEAM HEATING AND \ ENTrLATK)\ 


PRACTICAL STEAM, HOT-WATER Hr-;ATING AND VFN ITLATION. liy 

A. (J. Kin<}. 

This hook is tlu'. staiuhiTd and latest, work DuhUshod on the guIm* and luv. J.r. a oiv 
|)ar(‘d t<»r tli<uiS(M>ra,ll t'nrni'od in ( In- InisinesN of sO'ain, hot \vat< r In afim:. n,in! ntlla 
tion. It is tin oi’lninal .-uni <‘\Ikoj .ii\e work, 'reds tno\ to lO'f In afan: entifr.iri h,,w 
to instn.ll fn-nlin:': and v«‘nlil;«!iiif*. app;u*a(ns. tin- isTd Inn.iiir a. an tluHi , tt» he u ed. 
with “'I'rn-ks of tin^ 'rrado” for slio(> Itidns and data tor r .fiiuatui radiation 

and <-ost and such (ahh‘s anti infortna(it>n as inukt' it att tndi' i>« tnaoh unrk tnr.nf'r.v 
ono inttT(-st<‘d instt'jun, in >t» watt w ht sit hnt. anti vent ilat ton If d« a’rihe.ail fin priiicSpal 
systtnns t)f stt-ani. htX-WJitt-r. v:n*ninn. va|»t)t\ anti varsnoM vai-!.: Inatlin:. fo<o'f}jrr 
with (litti intw acctdt'rat.rd s.\sirm-; of lH»l“Water cimilai ion, liii itithii:', (diapt'i . nn 
nP“tt)-da.to nnd.tnKlstif vetttilai ion and tin' fan or tdtniaT itt of hr.oitn- .uid vi iifila 
tit)n. < ''t>ntainin}.? ttiniptt'rs tin; I. Introthiiiiott, It Hcaf 111 tdolufion of 
artitlclal In-atinjj: a.pp.n.ra.Mis. iV. Ihidt-r ^an''faee uinl sett tine. \ ‘rtie iinumt v tlur, 

VI. Idptt and llttin/is. Vll. Valv«‘S. vniritms kind** ^ ^t k'ortn : of radtatin}’; 

fivirfaces. IX. LottaUin? of nnliatlnK Nurfat*es. X. K .tfinaf in-! t'.nhafnm \t Mti'ain 
heatin}^ apiKiratus. Xll. Kxhanst-.stcant Insttinij:, \ni ih^ n ,i ' < r fn ,if utf* XI\d 
PrtHSUre systtnns of ht>t-water wt>rlv. XV, Hot wat *-!• .ipphun-.- , \\i t irta'nltnii:.;n 

luxating. XVn. Va,t*ntiin va.f>or a, ml vacmiin is, into < in afin \\ |fi Mia-nha 

ncitnis iit'atinfG XIX. Ii;idia.(<»r anti pIjm' eoiuncf ion . \\ \ rnfda,fion \\l. 

l\1t‘<‘lja,ni(ta,i vt-nl ilation ainl hot diljist heatin.r. \\II ' if.nii ai»ptt.i.ncr X XUI. 
Dist.rii't heal iiii”:. XXIV. I*lpt* a,nd ht>i|er ro\ i-rinc \\\ I' nipri.o nre ftaoda, flop 
anti heat cont.rol. .XXVl. Hnslnt'SM nniho<l.. X\\li \| i i-r Ihun on . XXV ill. 

Knlt-s, (.ahh's, and nst'fnl hifonnatflon. .'».>! pap.cr,. d'Ui drf .oh d cnntautt'rr* kltth 
Edition — dt'viscd. ITico , . . $*}.()(> 


WHAT IH SAID DE THK HtHiK 

** I want it) say tiuit your ht)t>K Is wortli Its weiKht In Eotd iti an, \ one m tin* hcatinK 
hn.slmiHK. As t)ltl aaitl t'X|K'rien<’ed as 1 am mystdf, I tiav«' koI some vt r,v i-uumI t»oitdcr'j 
out of it. i luivci tftht'r hixik.s. hut. tht’y tlmi'f explain (hr ioi.' .1 . piattil.tf as Um 

A. (1. ICiniLds l)ook on Il('aiin»'. E. K. Daii--. Indi itjapoir.. InOi.ni.i 
“ In this hook (ho anlhor, a man ttf larf?ci r%pi-ri«'m'c. pri .t n: thi' latr-a junt hc'4, 

inetfiods of sl.i-ani and hot. water hcafmr. K \'dj ho foni.xl .t h.onthook <tf {treat, 
valuti (.t) tin- lioallmt tmKinet'r, arehiioct ;in<l ottna'* jniotr .P fi in oreeipn,: or orderinr 
work of tids class,*’ «>*t/’t7rdc(T.v’ ami JUnUlnr.' A/nt/mtinc. 


500 PLAIN ANSWERS TO DIRECT QOT.STIONS ON STEAM, HOT- WATER. 
VAPOR AND VACUUM HEATING PKACTICK. Jiv Ai.mu p fh him, 

This work, Just otf tht^ nrtws, inarranKetl In tptt'sfion and answer ftirtn. d Is inteinhsl as 
a Kuido autl tt-xt-hook for the v<»unr:er, hn«\pcH<mccd htder and ipt a refetence ttook htr 
all ntters. 'riiis hook ttdls “h(»w** and also tt-ID “ why/* Nt» work of pn kind has 
over Ixs-n jnddislicd. It anHwers all the tpicrditnci reKardlnis earh tnefhotl i*r sv^fein 
that woidtl be a.sk(‘d l)y tint Htetwn Httor or Insitimt eonfruetor. and he »e»cd us a 
tot tjr rcft'reiuMi hook, and ft>r t-xaminatkm tpicition^ hy *rrude hctnuihi or Nfimni 
Eltters’ Assoclai.ions. IttJltts, tlata. i.ahl<«4 imd dtwrlptHui nndtnnh* are Hiven. tto 
gother wit it mm-li oiln-r th-taik-d irddnnation of dully Jiriietleut to tlnmr* e{iy;aio*<l in 
or intt^rcsted in the various methods oi heating, Vliltialile to ftteec preparing for 
oxanuiKitions. Answtrrs twt'ry <|u<iHM<»n wtktsi remting to inofiertt rifeum, tf*.f Water. 
Vaptjr and Vacnuin Ht'ating Among the emiientw are The 11n on and l#awD of 
IJeat. Metlnsls of lltmthig. f/hlnmeys ;md Elm * tiofter-i for Ihatlng fltdku- 
I nnimiTigs a, ml Htg, tings Hadlatiom Hteam Ileatmr; Ihdler. Itudlidor iiml Pine 
ponneetlonH for Htearn Heating. n<»t Water He.dme 11m 1’wtellpt' tfriivltv 
System of Hot WaPr Hea.ting. The < 'iretilt Hyatoni of flot Water Heuting. 11te 
Overhead System of Hot. Wafer Heating. Ilofler, liiidtatnr and Ilpo < •nine rtioir. for 
Gravity Systems of Hot Water Heaiim?. Aei-eleruted Hoi w.orr thuong Ex- 
pansion 1 ank < kmnet’tion.s, l>ome'<fie iiofc Water Heating. V;dve.»» and Air Vidvcfi, 
Vaenurn Vapor ami Vacuo -Vapor He.ating. Meetnmie.d Sy-denr. of Vucmim Heating. 
Non-Mt'cluuncal Vacuum Syspmm, Va|Rir Hygyimu. Atimwpherlc and Xhuhdatltig 
Systems. Hcatmg < in vidumHes. HiformuHoit, tilid TalilC'e Seemid Editton, 

‘dh,t i)ag<-s. 1 . 1 ; iiluNir.-it-ion-s. Octavo. Olotlh Erien iJl.ftC) 
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STEEL 


STKUL: rrs SELECTION, ANNEALING, HARDENING, AND TEMPERING. 

l'»y I*'- IJ. Mau'KHAM, 

Tlus ImmiK (i ll. how lo and how to work, (.lunpin’, hardiui, and anneal steel for 

('vor.\ ihiiL’ on f.irth. It <hM'sn’t li^H liow to teinix'i- one idass of tools and then leave 
Hie ireaimt n( of aiiolher kind of tool to your imagination and judgment, but it gives 
(‘arel'nl m l met iuns for i'v<‘ry di'(a,il of iiytiry tool, wlieMier it bo a tap, a reamer or just 
a, .<Ti*w <h i\ei’, 1 1 f ell:; abinit tin' Unnpeiring of small watch springs, the hardening of 
(‘utler.v. and ihe annealing of <lles, In fact, tlnn’c isn’t a thing that a steel worker 
would want to lunnv I hat. isn't included. It i.s the standard book on selecting, harden- 
ing. and irnipermg all grtnh's of stool. -lOO jiagos. Very fully illustrated, A new 
law ised and enlarr.ed oilitlon will soon l)o puliUshod. Price to be announced later. 

1IARI)KNIN(;, TEMPERING, ANNEALING, AND FORGING OF STEEL, 
INCIAJDINCi Hf:AT TREATMENT OF MODERN ALLOY STEELS. By 
,1. \\ omnvtMiru. 

A new w«>rli treaiiiu-; in a, clear, concise nijumiM* all modern processes for the heating, 
ainii-.die.-, idM-m;*. welding, hatvlciung. .and ((‘inpering of high and low grade steel, 
makinf*. d a l>ook of gr<‘al. !>raclical valium to the metal-working mechanic in general, 
with npeeial directions for tin' sucoi'ssfnl lijirdeiiing and teiniiering of all steel tools 
used in the arts, inehiding milling cutters, taps, tiireaxl dies, reamers, both solid and 
nlndh lioUow mills. pumMiesand <li<‘s, ttnd all kimls of shoot metal working tools, shear 
blade lino outh'ry, arid imdal outiing tools of all description, as well as for all 

iinplemeiii . of stool bot.li largo and small. In this work the simplest and most satis- 
faiMitiw hardoning and lomporing prooos.sos are given. 

Tin' U'.es b* wldoh tlu' loading brands of .stool may b(^ adapted are concisely presented, 
and their lroalnn*nt for working under dUforont. conditions explained, also the special 
iinUhiMfi for the hat’<lenJng and tmnporlng of special hraiuls. 

/V ohaptiT ih'votcd to tlio' dilP'ront. prooossos for oa,.s(>-ha.r(l(‘ning is also included, and 
spoctai retermoo niadi' to the adaptation of nuiohinory steel for tools of various kinds. 
Fifth I-ahtion. :VM pages. iJOl illustrations. Price $3.00 


TANNING 


PRACTICAL TANNING. By Ai.i.kn 11 o<ikus. 



.'Old oraeficai lamicr.s the world ov(-r. Ih* has w'ithlioki nothing that has pa.ssed the 
;u'ni te.o .>f operation on an iinlustrial Kcale. dduun are reraedias given for most of 
the troubles to whhdi (In^ tanner, the currhy.* and dyer are heirs. 
lllUHtratlom;. P»'i«*o 


740 pages, 124 

$10.00 


riNSMITHING 

TIN, SHEET-IRON AND COPPER PLATE WORKER. By Leeoy J. Bli 

A nrai'tioal worksliop oompanion containing rules for describing various kind 
o itiom V,4(l nnd ooppiT-plato workers; practical geometry; 

mirat ion oi' surfacoM and solids; tallies of tli<^ wiaghts and strengths of metals am 
m ’/bMn.ls tal'le of .'U'ciis and ,-lrenmfer<m(ns of circles; composition oHne^ 
and ladid;:; with numerous v:dnal>Ie 

the workMbop. New cnlarg(‘<l edition, to which has been added mani now i 
imibhuuK ri<>(h. rial 207 illustrations. Price 

39 



CATALOGUE OF GOOD, PRACTICAL BOOKS 


TRACTORS 

MODERN GAS TRACTOR: ITS CONSTRUCTION, UTILITY, OPERATION 
AND REPAIR. By Victor W. Page. 

An enlarged and revised edition that treats exclusively on the design and construction 
of farm tractors and tractor power plants, and gives complete instructions on tiieir 
care, operation and repair. All types and sizes of gasoline, Rerosene and oil tractors 
are described, and every phase of traction engineering practice fully covered, in- 
valuable to all desiring reliable information on gas motor propelled traction engines 
and their use. All types of tractors are described and complete instructions are 
given for their use on the farm. The chapter on engine repairing has been greatly cui- 
larged and complete and detailed instructions are now given for repairing well-known 
and widely used tractor power plants, numerous new forms of which are described. 
Valuable information compiled by Government experts on laying out fields for tractor 
plowing and numerous practical suggestions for hitches so all types of agricultural 
machinery can be operated by tractors, are outlined. The chapter on tractor con- 
struction and upkeep has been more than doubled in size. Over 100 new illustra- 
tions have been added and the book greatly enlarged. Full instructions are now 
given for using kerosene and distillate as fuel. The new edition is 50 per cent larger 
than the second edition and is more than ever the acknowledged authority on farm 
tractors and their many uses. 5Mx7i^ inches. 590 pages, 266 illustrations. 3 
folding plates. Price $2.60 


WELDING 


MODERN WELDING METHODS. By Victoe W. Pag:^. 

One of the most instructive books on all methods of joining metals yet published for 
the mechanic and practical man. It considers in detail oxy-acetylene welding, the 
Thermit process and all classes of electric arc and resistance welding. It shows all 
the apparatus needed and how to use it. It considers the production of w’olding gases, 
construction and operation of welding and cutting torches of all kinds. It details 
the latest approved methods of preparing work for welding. All forms of gas and 
electric welding machines are described and complete instructions are given for 
installing electric spot and butt welders. Cost data are given and all methods of 
doing the work economically are described. It includes instructions for forgo and 
dip brazing and manufacture of hard solders and spelters. It shows and explains 
soft soldering processes and tells how to make solders for any use. Complete in.st, ruc- 
tions are given for soldering aluminum and authoritative formulas for aluniiiium .solders 
are included. 292 pages. 200 illustrations. Price $3.00 

AUTOMOBILE WELDING WITH THE OXY-ACETYLENE FLAME. By 

M. Keith Dunham. 

Explains in a simple manner apparatus to be used, its care, and how to construct 
necessary shop equipment. Proceeds then to the actual welding of all automobile 
parts, in a ma n ner imderstandable by everyone. Gives principles never to be for- 
gotten._ This book is of utmost value, since the perplexing problems arising when 
metal is heated to a melting point are fully explained and tlie proper methods to 
overcome them shown. 167 pages. Fully illustrated. Price $1,60 


OXY-ACETYLENE WELDING AND CUTTING WITH A TREATISE ON 
ACETYLENE AND OXYGEN. By P. F. Willis. 

The sixth revised and much enlarged edition of this book is jusfc off the press. It is a 
very complete work, written m simple language, fully illustrated with engravings 
sho^g how to prepare the work, as well as the actual welding of it. Special chapters 
treatmg on Acetylene Oxygen Welding and Cutting, Torch Apparatus and Installa- 
Erep^ing for T^lchng, Weldmg of Different Metals, ‘N^lding of Sheet Metal 
^d Pipe, Weltog of Boilers, Welding of Various Pieces, Electric Welding, Automo- 
bile and nmceUaneous welding are contained, as well as other valuable data. 254 
pages. Fully illustrated. Price $1 60 





